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ABSTRACT

The lnnuence of Predator Exclosures and Livestock Grazing on Duck Production at
Bear River Migratory Bird Refuge, Utah

by

Benjamin C. West, Doctor of Philosophy
Utah State University, 2002

Major Professor: Dr. Terry A. Messmer
Department: Fisheries and Wildlife

Nest predation is a major factor impacting duck production and recruitment on
breeding areas in North America. I surveyed waterfowl managers employed by the U .S.
Fish and Wildlife Service and U .S. state wi ldlife agencies to determine their beliefs
about nest predation and its management. Over 64% of respondents believed that rates
of nest success on their management units averaged < 30% between 1996-2000.
Managers believed habitat management and direct predator control were the most
effective techniques to reduce nest predation. The construction of predator ex closures
around nesting habitat also has been recommended to reduce nest predation. Between
1999-200 I , I evaluated the effectiveness of 4 predator ex closures to enhance duck nest
success at Bear River Migratory Bird Refuge, Utah. During this period , rates of nest
success in the ex closures were slightly higher than that within control plots, but sti ll <
15%. Although published guidelines commonly recommend predator fences ::0 11 7 em

Ill

in height, I observed red foxes jump the 11 4-cm-high fences. Additional research is
needed to identify effective predator fence designs .
Wildlife managers have argued that periodic disturbance of vegetation shou ld be
a component of management on waterfowl breedi ng areas. Although many techniques
are available to manipulate vegetati on, grazing by domestic livestock has been
controversial. Some researchers have reported that livestock grazing is detrimental to
nesting ducks whereas others have argued that it can be beneficial. I evaluated the
impact of a sh011-d urat ion, high-intensity winter livestock grazing program on duck
nesting at Bear River Migratory Bird Refuge. Fo llowi ng a w inter grazing treatment, I
measured visual obstructi on on both grazed and ungrazed plots during the spring
nesting season. Although visual obstruction readings on grazed plots were lower than
those on rested si tes early in the nesting season, those differences diminished as the
season progressed. Winter grazing may impact early-nesting ducks like mallards (Anas

platyrhynchos) , but not late-nesting species like cinnamon teal (Anas cyanoplera) and
gadwall (Anas s/repera) . In designing grazing programs to manage nesting cover,
managers shou ld consider their waterfowl production goals, the composition of
breeding duck populations, type of grazing system , and climatic conditions.
(161 pages)
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CHAPTER 1
INTRODUCTION

History of the Bear River Migratory Bird Refuge

The Bear River Migratory Bird Refuge (BRMBR) was created by the U.S.
Congress in 1928. The primary objective of th e BRMBR is to develop and maintain
quality habitat for waterfowl and other migratory birds (U.S. Fish and Wildlife Service
1997). Currently, the refuge incorporates 26,300 ha but will increase to 41 ,780 ha once
land acquisitions are comp leted (U.S. Fish and Wildlife Service 199 1). Encompassing
much of th e Bear River Delta, the refuge is located in Box Elder County, Utah, on the
northern end of the Great Salt Lake (Figure 1-1 ). Given that the BRMBR is located on
the floor of ancient Lake Bonneville, topography is characteristi cally flat. Average
elevation is I ,28 1 m above sea level with the highest point on the refu ge being I ,285 m.
The climate is characteri zed by moderate spring and fall seasons, co ld winters, and hot,
dry summers. Precipitation averages 30-48 em annually across BRMBR lands.
Because annual snowfall on the BRMBR is relatively light(< 90 em), residual snow in
the surrounding Wasatch Mountains is critical and , along with the Bear River, supplies
most of the water to the refuge throughout the summer.
The refuge is considered one of the most important wetland areas in Utah and
the Intermountain West. At least 208 bird species use the refuge as a breeding, feeding,
wintering, and/or staging area (U.S. Fish and Wildlife Service 1991). Duck production
always has been an important aspect of management at BRMBR. Twenty-seven species
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of ducks have been recorded on the BRMBR; of these, 9 speci es nest there (U.S. Fish
and Wildlife Service 1991). Gadwall (Anas strepera), cinnamon teal (A nas

cyanoptera) , and redhead (Aythya americana) are the primary nesting species and,
according to Williams and Marshall (1938), hi storicall y accounted

for ~

70% of all

nesters.
The Bear River Delta has sustained large numbers of nesting ducks during its
history. Weller et al. (1958:224) observed that Knudson Marsh, a privately owned area
that borders BRMBR, "once held a population of birds which few marshes of its size
cou ld rival , either in numbers or variety. Most spectacular were the populations of
Anatidae .. ." To support this claim, Weller et al. (1958) documented 16.3 duck
nests/ha in thi s area during 1950 and, even after overgrazing by livestock degraded most
of the nesting habitat, found 6.7 nests/ha in 1955. These estimates of nesting density
are hi gh, even in comparison to duck production areas in the Prairie Pothole Region
(PPR) , a region that produces the majority of the co ntinent's ducks (Batt et al. 1989).
The refuge is a parti cularl y important breeding area for certain duck species.
For examp le, the marshes o f northern Utah attract 50-60% of the continent 's population
of breeding cinnamon teal annually (Bellrose 1980). Considering all duck species, peak
production occurred at BRMBR duting the mid-to-late 1960s, when approx imatel y
80,000 ducklings were produced annually (BRMBR, unpubl. data). Duck production
decreased markedly from 1974 through 1983 (BRMBR, unpubl. data), but this renects a
nationwide trend of waterfowl population declines and probably was not caused by
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refuge management practices (Belrose 1980, Hawkins et al. 1984, Baldassarre and
Bolen 1994).
ln 1983, because of above normal precipitation for 2 successive years, waters of
the Great Salt Lake reached historic levels and its water inundated the BRMBR.
Subsequently, the refuge was closed and personnel and equipment were assigned
elsewhere. The flood waters peaked during 1987, when ice floes destroyed all buildings
and most water control structures on the refuge. Although the waters receded quickly
after 1987, most of the vegetation and all facilities had been damaged or destroyed, both
by the ice floes and by the high salinity of the flood waters. Duck production
essentially ceased between 1983 and 1989, a period during which the refuge was
inundated by water.
The BRMBR was reopened in 1989 with the intention of rebuilding and
ex panding the refuge (U.S. Fish and Wildlife Service 1991). Previous to this, even
when duck production was high, refuge management expressed concern about a lack of
upland nesting habitat (BRMBR, unpubl. reports) . Most of the available upland nesting
habitat on the refuge was located on the dikes used to create water impoundments. To
address this deficiency, the refuge staff developed a plan to acquire and manage
adjacent grasslands as habitat for upland nesting waterfowl and other birds (U .S. Fish
and Wi ldlife Service 1991). Much of this land has been included as part of the newl y
designated Grasslands Management Unit (GMU) and is located east of the miginal
refuge boundary (Figure 1-2). The GMU contains upland and wetland habitats but lacks
many areas of open water. Because most of the land in the GMU previously was owned

4
by private citizens and used for livestock grazing, it had been irrigated and heavi ly
grazed by domestic li vestock. The primary objecti ve of the GMU is to provide highquality nesting habitat for dabbling ducks (U.S . Fish and Wildlife Service 1997).
Evalu ating management strategies to enhance duck production on the GMU is the focus
of this stud y.
Despite physical restoration of much of the "o ld" refu ge, duck producti on still
remains below historic levels (BRMBR, unpubl. data). The reasons for the failure of
duck production to recover are unclear, but low breeding pai r densities and low nest
success appear to be major contributing factors. Thi s situati on can be exacerbated by
low avail ability of quality nesting cover and the presence of a diverse comm unity of
potential nest predators. I eval uated th e effects of these variabl es on duck production
on theGMU.

Literature review

Impacts of nest predation
Recruitment may be the most important factor infl uencing the size of waterfowl
populations (Coward in et al. 1985). Many researchers have reported that low rates of
nest success are the primary factor limi ting recruitment and, ultimately, popu lation s ize
(Cowardin et al. 1985, Kl ett et al. 1988, Sargeant and Raveling 1992, Greenwood et al.
1995). Coward in et al. ( 1985) and Klett et al. ( 1988) calculated that a nest success rate

?. 15-20% is the minimum required to sustai n local waterfowl populations. Low nesting
success sometim es can be attributed to nest abandonment by the hen or envirorunental
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conditions (e.g., high-water incidents), but predation, particularly by mammalian
predators, is typically the primary reason for failed nests among upland-nesting
waterfowl (Sargeant et al. 1984, Cowardin et al. 1985, Klett et al. 1988, Gilbert et al.
1996, Greenwood et al. 1995 , Beauchamp et. al. 1996, Cowardin et al. 1998).
Although historic data pertaining to nest success on the GMU uplands are
lacking, past nesting studies on other portions ofBRMBR may provide some insights.
When compared to recent nest success data, historical observations strongly suggest that
nest predation on the BRMBR has increased from pre-flood rates. Spencer (1953)
reported that only 41% of cinnamon teal nests were depredated on the BRMBR.
Williams and Marshall (1938) documented even higher rates of nest success and
reported that only 7% of nests were destroyed by predators. Hilliard (1974) reported no
instances of predation on 22 duck nests within an area adjacent to BRMBR. Current
rates of nest success on the GMU (< 10%) are substantially lower than those reported
by prior research (BRMBR, unpubl. data). Consistent with other studies (e.g., Johnson
et al. 1989), striped skunks (Mephitis mephitis), raccoons (Procyon lotor) , red foxes
(Vu/pes vulpes), and common ravens (Corvus corax) appear to be the primary nest
predators at the BRMBR, but other nest predators (e.g, feral cats [Felis catus], mink
[Mustela vis on]) also are present in smaller numbers.
Subtle changes in the composition oflocal predator populations are believed to
be a principal cause for increased rates of nest predation across North Ametica
(Sargeant et al. 1993). Striped skunk, red fox , and raccoon populations appear to have
increased throughout many parts of the U.S. (northern Utah included), seemingly
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because of habitat ch anges, human influences, and interspecific interactions (Sargeant et
al. 1993). Thi s al so may be the case at BRMBR.
Prior to the 1983 fl ood, BRMBR personnel conducted annual trapping surveys
to assess the composition and abundance of predator population s on the refuge. Since
the flood , these surveys have been discontinued, but data from the pre-flood era provide
some important information. Based on th e incidence of capture during trapping
operations and anecdotal observations, red foxes and raccoons were rare or nonex istent
throughout the refuge pri or to the flood (BRMBR , unpubl. report s). Currentl y, red
foxes, raccoons, and striped skunks are abundant throughout the refu ge and northern
Utah (personal observation; N. Frey, Jack H. Berrym an Institute, unpubl. data) .
Another possible expl anation for the increase in nest predati on may invo lve the
influence of predator pits and source/sink populations (Haber 1977, Pulliam and
Dani elson 199 1). Because ofth e large historic breeding bird populations, mamm alian
predators may have been sat iated with prey during the pre-flood period. When fl ooding
destroyed the ex isting nesti ng vegetation on BRMBR, breeding ducks either pi oneered
to other areas or did not reproduce. Thus, during 1983- 198 9, virtuall y no young were
prod uced to offset mortality, and regional waterfowl populations declined (BRMBR,
unpubl. data). Although much of the habitat has been restored and waterfowl breeding
populations have increased, populati ons still are less numerous than those supported
hi storicall y. Hence, predators may now be taking a much higher proportion of total
nests than previously, thus creating a "predator-pit" (Haber 1977). Finally, gull (Larus
sp .) coloni es may provide ampl e alternate food sources for predators and thus lessen the
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impact of predation on duck nests (Greenwood and Sovada 1996); gull colonies were
present at BRMBR before the flood , but have not yet recovered and reached their
hi storic size (BRMBR, unpubl. data) .

Strategies to manage nest predation
Coward in et al. (1998) hypothesi zed that increased nest success on one or more
sma ll but intensively managed areas could improve dabbling duck recruitment and
subsequentl y increase local breeding populations. This hypothesis is based on evidence
that: I) the females of some dabbling duck species (e.g., mallards) exhibit philopatry
and tend to return to the same nesting sites in subsequent breeding seasons if the prior
nesting attempt was successful (Lokemoen et al. 1990), 2) for some species, female
offspring also tend to return to the area from which they fledged (Lokemoen et a !.
I 990), and 3) females of some speci es appear willing to tolerate very high nesting
densities where predators are absent and subsequent rates of nesting success are hi gh
(Duebbert and Lokemoen I 980, Duebbert et al. 1983, Lokemoen et al. I 984).
Coward in et a !. ( 1998) attempted to test this hypothesis in an experiment conducted in
North Dakota, but drought condi tions impacted regional waterfowl populations
confounding research findings . Although Coward in et al. (1998) failed to validate the
hypothesi s, hi s findings suggested that nesting density inside areas surrounded by
predator-resistant fencing increased with time. Hence, Cowardin et al. (1998)
concluded that an increase in nest success on small areas can have a positive influence
on local duck recruitment and population size.
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Man y strategies have been developed to reduce nest predation for groundnesting birds. Greenwood and Sovada ( 1996) classified these strategies into 3
categories that: I) physically separate or conceal prey !Tom predator (e.g., establishment
of dense nesting cover, elevated structures, fences), 2) alter predator foraging behavior
or food supply (e.g., conditioned taste aversion, supplemental feeding) , or 3) directly
affect predator abundance or distribution (e.g., lethal removal, immunocontraception).
Cowardin et al. (1988) suggested that physical barriers (i.e., predator exclosures or
peninsula barri ers) are the most effective means of increasing duck recruitment per unit
area treated. Lokemoen (1984) further noted that lethal removal is slightl y more costeffective than physical barri ers, but societal opinions often preclude lethal management
and management must encompass large areas to be cost-effective.
Electrified predator ex closures have been identified as an effective and
affordable management technique to increase rates of nest success (Lokemoen 1984).
In many instances, electric fences have significantl y increased duck nesting success as
compared to contro l areas. Gatti et al. (1992) and Lokemoen et al. (1982) found
significantly greater nest success inside electrified fences as compared to control areas .
Greenwood et al. (1990) used electric fences and toxi cants to increase nest success on
sites in the PPR.
Various fence designs have been employed to exclude predators !Tom potential
duck nesting habitat. The earliest of these designs used only electrically charged wires
to deter potential nest predators (Lokemoen et al. 1982). However, because these
fences are difficult to maintain and are rendered ineffective when malfunctions occur
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and voltage is lost, fences that include a physical deterrent (e.g., wire mesh) topped by
electrical wires are now recommended (Rondeau and Piehl 1989, Greenwood et al.
1990, Gatti et al. 1992). To prevent animals from digging under the fence and gaining
access to an area, many have installed an electrically charged "trip wire" S-1 0 em from
the fence and 5-l 0 em from the ground to prevent predators from digging under the
fence (Rondeau and Piehl 1989, Greenwood et al. 1990). Although some researchers
have reported good results with this method, a better alternative is to bury the fence :0::
30 em in the ground (Rondeau and Piehl 1989).
Finally, managers must be concerned with fence height to prevent predators
from jumping the exclosure and gaining access to the area, particularly with regard to
red foxes. Patterson (1977) documented that red foxes would jump a 46-cm-high fence,
but did so onl y 5% of the time and subsequently recommended that even short fences
could protect nesting areas from predation by red foxes. Gatti et al. (1992) later
suggested that red foxes can, but only occasionally do, jump 51-cm electric fences.
Despite these reports, little data exist to indicate the minimum fence height required to
always repel red foxes or other potential predators that may jump ex closures.
Deciding which fence design to construct represents a balance between cost and
effectiveness. The most effective designs probably are :0:: 142 em in height, employ a
small wire mesh (e.g., ::; Scm x 5 em) as a barrier with electrical wires offset to prevent
climbing, and is buried :::: 30 em in the ground (Rondeau and Piehl 1989, Pietz and
Krapu 1994, Coward in et al. 1998). Unfortunately, constructing fences of such design
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is costly. Consequently, most researchers have tended to construct fences that are
affordab le, but also less effective (e.g., shorter fences and an electrical trip wire).

Nesting cover
Leopold (1933) and Komarek (1969) believed that vegetation management is the
basis of wildli fe management. Vegetation management is particularly important to
create quality nesting cover for breeding ducks. Vegetative structure (e.g. , height and
density) is a key component in nesting si te selection among waterfowl (Cowardin and
Johnson 1979, Duebbert and Kantrud 1974, Thornton 1982, Gilbert et al. 1996).
Although most dabbling ducks are opport unistic in their selection of nesting sites when
water conditions are adequate (Johnson and Grier 1988), most show a preference for
we ll -concea led nest sites (Miller 1971, Kirsch et al. 1978, Klett et al. 1988, Kruse and
Bowen 1996). Bue (1952), Thornton (1982), Gjersing (1975), and Hilliard (1974)
documented that dabbling ducks typically selected areas wi th the densest vegetation to
nest as compared to vegetation density in surrounding areas. Because some duck
species nest prior to spring "green-up" on most breeding areas, they must rely on
residual vegetation to provide nesting cover (Ki rsch 1969, Jarvis and Harri s 1971 ,
Kirsch et al. 1978, Kru se and Bowen 1996).
Dense nesting cover (DNC) may help to conceal duck nests, by sight and by
smell , from potential predators (Clark and Nudds 1991 , Clark et al. 1995 , Guyn and
Clark 1997). As a result, many have suggested that DNC contributes to increased nest
success for many duck species (Duebbert 1969, Schrank 1972, Duebbert and Lokemoen
1976). The effects of both vegetative structure and plant species composition on rates
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of duck nest success have been studied and, in general, vegetative structure is thought to
be more important (Baldassarre and Bolen 1994). Despite the number of reports that
indicate a positive influence ofDNC on rates of nest success, some disagreement
remains. Some have suggested that increased cover may attract more predators, thus
co unteracting the extra concealment afforded by DNC to ground nests (Duebbert and
Lokemoen 1976, Kantrud 1993). Thus, stands of dense nesting cover may act as an
ecological trap, particularl y in a fragmented landscape; in such cases, predators may be
attracted by dense nesting cover and hi gh densiti es of nesting birds, thus resulting in
low rates of nest success (Clark and Diamond 1993). Despite it s potential negative
effects, the establishm ent and management of dense nesting cover remains a very
popular, and seem ingl y effecti ve, strategy among waterfowl managers.
Livestock graz ing. A variety of methods currently exist to manipulate vegetative
structure, composition, and diversity. Payne (1998) grouped these into: I) chemical
methods, 2) physical methods (e.g., cutting, burning), and 3) biological methods (e .g.,
herbivory). ln terms of general grass land management, periodic disturbance (e.g.,
herbivory) of vegetation provides benefits. For example, disturbance can increase
forage production, increase photosynthetic rate, reduce water stress, and accelerate
nutri ent cycling (see Hart and Norton 1988 for a comprehensive revi ew). Further,
undisturbed grassland communities may accumulate excessive litter, a condi ti on that
may stimulate the growth of downy brome (Bromus tectorum) and other invasive
species (Evans and Young 1970). Periodic disturbance also appears to encourage
maximum plant species richness (Connell 1978, Hobbs and Huenneke 1992).
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For waterfowl management in upland or wetland habitats, haying, mowing,
burning, and grazing are the most common ly used methods for vegetation management
(Payne 1998). Managers must consider the desired outcomes, cost, and manpower
required when choosing among techniques to manipulate vegetation. Despite the
controversy that surrounds li vestock grazing management, it may be the most costeffective means of manipulat ing vegetation. Other methods (e.g. , mowing, burning) can
require a substantial investment whereas grazing fees can be collected from li vestock
owners for grazin g rights.
Studies evaluating the relationship between livestock grazing and waterfowl
production have evaluated grazing with different stocking rates, graz ing timing, and
duration. Thus, previous studies offer mixed results and have contributed to the belief
that grazing is detrimental to wildlife and, in particular, waterfow l production
(Ho lechek et al. 1982). Kirsch (1969) found that areas subjected to continuous
li vestock grazing decreased waterfowl production by negatively impacting breeding
pair numbers, nesting densities, and nesting success. Thus, he recommended that
li vestock grazing be discontinued on areas where duck producti on is valued. Others
(Strassmann 1987, Kirby et al. 1992) have reached similar conclusions and questioned
the use of livestock grazi ng on areas primarily used for waterfow l production. Further,
livestock grazing has been shown to be detrimental to most other upland nesting birds
(Braun et al. 1978).
Many grazing/waterfowl studies have evaluated the impact of season-long
grazing at relatively high stocking rates. Because livestock grazing strategies that
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practice hi gh stocking rates and continuous occupation can reduce substantiall y the
amount of residual cover available for duck nesting, these practices probably are always
detrimental to duck producti on (Weller et al. 195 8, Holechek et al. 1982, Messmer
1985). However, some studi es have suggested that li vestock grazing systems can
enhance habitat for upland nesting ducks (Gjersing 1975, Mundinger 1976, Messmer
1985, Bark er et al. 1990, Sedivec et al. 1990) . Grazing systems certain ly offer
advantages over unmanaged, continuous grazi ng, but the larger qu estion is whether
grazing systems improve nesting habitat in comparison to idle, ungrazed areas.
Kirsch and Kruse ( 1972) argued that , although residual vegetation is important
for nesting habitat, upland vegetation can become too dense for optimum nesting
habitat. They thus proposed that periodic disturbance may be necessary to sustain the
quality of grasslands as nesting habitat for ducks. Kirsch et al. (1978) later rejected the
hypothesis that nesting cover may become too dense for nesting ducks but suggested
that periodic vegetation disturbances may be necessary to ensure long-tenn vegetation
and habitat quality. Messmer ( 1985) and Sedivec et al. (1990) proposed that managed
grazing systems may increase nest density and success among dabbling ducks as
compared to ungrazed and continuously grazed areas. Kaiser et al. ( 1979) cited that a
rest-rotation grazi ng system implemented on land that previously was undisturbed
increased blue-winged teal production in South Dakota. Kruse and Bowen (1996)
suggested that periodic grazing and/or burning may be necessary to sustai n the longterm health of grass land systems. Such practices may lessen the quality of nesting
habitat for ducks, but onl y temporarily because treated (e.g., grazed and/or burned)
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areas recover quickl y and again provide quality nesti ng habitat (Kruse and Bowen
1996).
Livestock grazing also can be a useful management tool in emergent wetlands.
Many researchers have cited anecdotal infonnation suggesting that expansive, dense
stand s of emergent vegetation are unattractive to ducks (Kantrud 1986). Weller and
Spatcher (1965) proposed a hypothesi s that ducks are most attracted to wetlands that
consist of 50% open water and 50% emergent vegetation and termed this condition
" hemi-marsh." Experiments support the hemi-marsh hypothesis (Kaminski and Prince
1981 , Murkin et al. 1982). Hemi-m arsh provides a number of benefits to ducks,
including increased invertebrate populations (Kaminski and Prince 198 1, Murkin et al.
1982) and better iso lation of co nspec ifi c pairs (Kaminski and Prince 1984). Kantrud
( 1986) reviewed the literature pertaining to the impacts of livestock grazi ng on
emergen t wetlands and, although conc luding that more research is needed to make
generali zations, suggested that managed li vestock grazing can be used to open the
vegetation canopy and encourage optimal habi tat conditions (i.e., hemi-marsh) . Thus,
managed li vestock grazing appears to offer potential benefits in both upland and
wetland habitats.
In a sense, the implem entation of li vestock grazing on waterfowl production
areas represents a double-edged sword - although grazing may Jessen the amount of
residual cover and hence degrade nesting hab itat, failure to disturb grassland
communities may threaten the Jong-tem1 health and productivity of the system . If
li vestock grazing is to be implemented to promote plant vigor and maintain healthy
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vegetation, the manager must evaluate which grazing system (e.g, timing, duration, and
intensity) is most desirable based on its practicality and effectiveness. Trampling is a
concern during the nesting season, so spring and early summer grazi ng may not be
desirable (Gjersing 1975, Bryant et al. 1982, Beintema and Mtiskens 1987). Social
considerations also may influence the decision of which grazing system to implement.
During late summer and earl y fall , a potential period during which grazi ng treatments
may be conducted, most local cattle ranchers in the lntem1ountai n West graze their
livestock on surrounding U.S . Forest Service and Bureau of Land Management
allotments in the Wasatch Mountains.

Livestock grazing on the BRMBR. In an effort to manage for long-term system
hea lth and in consideration of biological and social influences, BRMBR initiated a
winter grazing program in 1995 (AI Trout, BRMBR, pers. commun.). Some researchers
have reported favo rab le results from such a grazing system (Bowen and Kruse 1993,
Sedivec et al. 1990), but this strategy may adversely affect nesting ducks by removing
some or all of the residual vegetation . The influence of winter grazi ng on nesting
habitat must be evaluated in terms of when ducks are nesting; winter grazing may
adversely impact early nesters like mallards (Anas platyrhynchos) but, because new
growth in the spring may provide sufficient nesting cover, late nesters like cinnamon
teal and gadwall may not be impacted. Winter grazing on the GMU may provide the
necessary vegetation disturbance to meet management objectives without limiting the
amount of nesting cover available to late nesters in the spring and summer.

16

Project purpose

To increase duck production on the GMU , the BRMBR has developed and
initiated an adapti ve management plan (U.S. Fish and Wildlife Service 1997). Adaptive
management is a process whereby management treatments are implemented in such a
way that they can be treated as experiments; that is, they are rigorous and provide
reliable information (Holling 1978, Walters 1986). As a result, management treatments
shou ld be replicated, randomized , assigned corresponding controls, and monitored .
However, researchers must consider that adaptive management, though conducted in a
rigorous maJUler, still is part of the management process and must be designed and
conducted to reach particular management objectives. Thus, researchers and managers
often must compromise about when, how, and where management treatments are
applied (Lancia et al. 1996).
To increase duck production , the BRMBR adaptive management plan addresses
the management of nest predation and nesting cover. To address the issue of nest
predation , 4 predator ex closures were constructed within the GMU. During the course
of the study, I evaluated rates of nest success and nest density within these exclosures
and corresponding control areas. Further, experiments to evaluate a winter livestock
grazing program were conducted on these 8 plots; half of each was grazed by cows each
winter between 1999-2000 whereas the other half was left ungrazed. I evalu ated visual
obstruction, nesting success, and nest site selection within these plots.
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Hypotheses

Rates of nest success within predator ex closures will be greater than those on control
sites.
Observed nest density within predator exclosures will be greater than that on control
sites.
For late-nesting duck species like cirmamon teal and gadwall , hens will ex hibit no
preference fo r nest sites within grazed versus ungrazed sites.
For earl y-nesting duck species like mall ard, hens will ex hibit a preference for nest
sites within ungrazed sit es versus grazed sites.
Nest sites will be more concealed by surrounding vegetation than random sites.
By the peak of nesting for late-nesting duck species, the vegetati on densit y of
random si tes on grazed and ungrazed si tes wi ll be simil ar.
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Figure 1-1 . Regional location of the Bear River Migratory Bird Refuge, Utah .
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CHAPTER 2
IMPACTS AND MANAGEMENT OF DUCK NEST PREDATION:
THE MANAGER 'S VIEW

Abstract

Nest predation is a major factor impacting duck production and recntitment on
many breeding areas in North America. Although research has been done to evaluate
potential strategies to manage nest predation , most has focused only on the Prairie
Pothole Region (PPR). Further, this research has largely ignored managers' beliefs
about duck nest predation and their capability to manage it. l surveyed waterfowl
managers emp loyed by the U.S. Fish and Wildlife Service (USFWS) and state wildlife
agencies to determine their beliefs about the impact of nest predation of duck
populations and evaluate their use and perceptions of different management techniques.
The overall survey response rate was 85% for USFWS and 92% for state managers.
Managers believed that predation is having a significant impact on duck nest success.
Over 64% of respondents reported that rates of nest success on their management units
averaged <30% between 1996-2000. Concomitantl y, most managers (93%) reported
implem enting some techniqu e on their management area to reduce nest predation .
However, many felt most techniques had limited effectiveness. Habitat management
(e.g., establishment of dense nesting cover), nesting stmctures, and lethal control (e.g.,
trapping) were perceived as being the most effect ive means to reduce nest predation.
Managers believed more information is needed about the impact of control techniques
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on nontarget species and some technical aspects of technique implementation. Finally,
managers generally disregarded the importance of public opinion in developing future
management strategies.

Introduction

Despite the recent recovery of continental duck populations, many wildlife
sc ienti sts still are concerned about their long-term viability (see Sovada eta!. 2001 ).
Much of thi s concern stems from continued reports of low recruitment on duck nesting
areas (Cowardin et a!. 1985, 1998; Klett et a!. 1988; Sargeant and Raveling 1992).
Although recruitment is influenced by many factors , low rates of nest success have been
identified as the most important factor influencin g recru itment for duck populations
(Cowardin et a!. 1985, Klett et a!. 1988, Johnson et a!. 1992, Greenwood et a!. 1995).
In instances where low rates of nest success are reported for upland nesting ducks, high
rates of nest predation, particularl y by mammalian predators, frequ entl y are cited as the
primary cause (Sargeant et a!. 1984, Cowardin et a!. 1985, Greenwood et a!. 1995,
Gilbert eta!. 1996).
Nest predation now appears more problematic on duck breeding areas and has
increased substantiall y since the earl y 1900s (Beauchamp eta!. 1996). Although the
literature appears to support this conclusion, direct comparisons are misleading because
early studies relied on apparent nest success rather than the unbiased Mayfield estimator
(Mayfield 1961 ). Beauchamp et a!. ( 1996) addressed this difficulty by evaluating 3 7
duck nesting studies conducted between 1935 and 1992 in the Prairie Pothole Region
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(PPR) using unbiased corrections for early reports of apparent nest success. They
concl uded that average rates of nest success had indeed declined since the 1930s, from
33% in 1935 to I 0% in 1992. This report is of particular importance given Coward in et
al. 's ( 1985) and Kl ett et al. 's ( 1988) estim ates that 15-20% nest success is required to
sustain duck populations.
The Prairie Pothole Region (PPR) supports a majority of the continent 's
breeding duck population (Batt et al. 1989). Thus, most of the studi es eva luating duck
nest predation have been conducted there. Little published information exists about the
impact of nest predation on waterfowl breeding areas other than th e PPR, but these
other areas can be import ant regionall y or for certain species (Bell rose 1980). For
example, 50-60% of contin ental c itmamon teal (An as cyanoptera) populations breed in
Utah (Bell rose 1980). Although rates of duck nest success appear to have also declined
in the Intermountai n West, littl e is known about the overall impacts of nest predation on
regional cinnamon teal or other duck popul ation s in thi s or other regions (U.S. Fish and
Wild life Service, unpubl. data).
Various techniques have been developed to reduce nest predati on (Greenwood
and Sovada 1996). Some of these techniques (e.g. , predator exclosures) have been
wide ly implemented, whi le others (e.g., condit ioned taste aversion) remain largely
conceptual. Teclmiques that have been effective in a research setting may be
impractical from a management perspective. Lokemoen (1984) compared the cost of
many techn iques, but we lack an und erstandi ng about managers ' abil ity to impleme nt
different techniques in light of limited financial , material, and personnel resources.
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Although some data exist to quantify the efficacy of these techniques, particularly the
more popular ones (e.g., predator exclosures, elevated nesting structures), little is
known about managers ' perceptions of their effectiveness.
To partially address these issues, I surveyed federal and state waterfowl
managers in 17 different states during spring 2001 . My objectives were to assess: I)
managers ' perceptions about the impact of nest predation on duck populations in
general , on speci fie duck species, and by speci fie predators, 2) the use and perceived
effecti veness of specific techniques to manage nest depredation emplo yed by managers,
3) managers' needs for information to manage nest depredation, and 4) managers'
ani tudes about predation management. Although many bird species experience nest
predation, I focu sed this effort on the impacts to upland-nesting ducks to limit the scope
and complexity of the questionnaire. The questionnaire and our survey process were
approved by the Institutional Revi ew Board at Utah State University.

Methods

Questionnaire development
I surveyed managers in 17 major duck-producing states (Californi a, Colorado,
ldaho, Illinois, Iowa, Kansas, Minnesota, Montana, Nebraska, Nevada, North Dakota,
Oregon, South Dakota, Utah, Washington, Wi sconsin , and Wyoming). I identified
project leaders for each of the U .S. Fish and Wildlife Service's (USFWS) refuges,
waterfowl production areas, and wetland management districts within these states by
searching the agency ' s website (www.fws.gov) . In addi tion, I contacted the waterfowl
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coordinators for each state wildlife agency and asked them to provide a list of
individuals who managed state refuges. Through this process, I identified 176
indivi dual s who were subsequently mailed a questionnaire (11 7 USFWS refuge
managers and 65 state refuge managers).
I mailed a self-administered, mail-back questionnaire to each manager. The
questionn ai re consisted of24 questions, most with multiple parts, pertaining to the
management of duck nest depredation (see Appendix). Participants were asked only to
consider upland-nesting ducks while answering specific questions, unless otherwise
directed. The questionnaire was divided into 4 sections: I) management priorities and
strategies, 2) tools and techniques, 3) informational needs, and 4) participant
demographics.
Within the management priorities and strategies section, I asked participants to
report the importance of duck production to their management mission and the impact
of nest predation on local duck populations. I also asked managers to indicate the
degree of impact that nest predation has on each of 13 different duck species using a 5point sca le (1 = great impact , 5 = no impact). Additionally, I asked managers to rate the
impact of20 known nest predators (Sargeant et al. 1993, Messmer et al. 1997) on local
duck populations, also using a 5-point Likert scale ( 1 = great impact, 5 = no impact).
Within the tools and techniques section, I provided managers with a list of 17
different practices that have been developed to reduce the occurrence of nest
depredation (Greenwood and Sovada 1996). For each technique, I asked the managers
to indicate whether the technique was being used on their management areas, how
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effecti ve they believed it to be, and if they wou ld be abl e to implement it given their
current level of resources. A 5-point Likert scale was used to evaluate respondents '
perceptions about technique effic acy (I =very effective, 5 = not effective) and their
ability to implement it {I = very able, 5 = not able). ln the infonnation needs section of
the questionnaire, I inquired about the relative importance and availabi lit y of
information that may be needed to manage duck nest predation .

Questionnaire administration
l implemented a survey process that included 4 mailings sent to individuals over
an 11 -week period (Dillman 1978). Each questi onnaire was uniquel y coded so I cou ld
identify individu als who did not respond and send them follow-up mailin gs. On 5
March 200 I, I mailed all participants a questi ormaire and cover letter explaining the
purpose of the proj ect and the importance of th eir response. One week later, I mai led
all managers a postcard reminding them to complete the questionnaire. I mailed another
questionnaire to all nonrespondents 3 weeks later wi th a cover letter stating that I had
not received their response and again explained the importance of their input. Finally, 4
weeks aft er the third mailing, I mailed all nonrespondents a postcard making a final
request for their participation and asked them to inform me if their management area
does not sustain nesting duck populations. I completed the survey on 21 May and did
not use any questionnaires received after that date in m y analyses.

Data analysis
When reporting means or using inferential tests involving means, l exc luded
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respondents when they chose a "don ' t know" or "not present here" (for questions
involving specific duck or predator spec ies) opti on. To evaluate respondents'
perceptions about the value of predator management techniques, I calculated a "value
rating" for each techniqu e by the fommla : (effectiveness + ability to implement)/2.
Because respondents rated technique effecti veness and ease of implementation on a 5point scale, the resulting va lu e rat ing also ranges from 1-5. A techn ique with a va lue
rating of I indicates that managers viewed it as both effectiv e and easy to impl ement.
In contrast, a technique with a va lue rating of 5 was viewed by managers as neither
effecti ve nor easy to implement.
I used descriptive stati sti cs and cross tabul ations to characterize responses of the
respondents . For most questi ons with ordi nal categori es (e.g., not impm1ant to very
important) as the possi bl e response, I treated gro up responses as means and used
ana lysis of variance (ANOVA) or t-test analyses to test for di fferences among groups.
For nom inal responses, l empl oyed ch i-square tests to examine di fferences among
groups.

Results and discussion

Response
Of the 11 7 questionnaires sent to USFWS managers, 91 were properly
completed and returned, 8 were sent back as not applicable (i .e., duck production does
not occur on these management units), I was undeliverable, and 1 was received after the
close of the survey. Of the 65 questionnaires sent to state managers, 55 were completed
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and returned, 2 were not appli cable, 1 was undeliverable, and 2 were received after I
closed the survey. Thus, I calculated an overall adjusted response of 85% and 92% for
federal and state managers, respectively. Because of these high rates of response, I did
not test for nonresponse bi as (Dolsen and Machlis 1991 ).

Res pondent and management
unit descriptions

At least 3 managers from every state included in the sample responded to the
survey (Table 2-1 ). Managers with the USFWS (62%) represented a larger portion of
respondent than did state agency managers (38%). Most respondents were male (90%)
and had at least a bachelor's (49%) degree; 39% reported having a graduate degree.
Respondents generally had many years of experience as wi ldlife professionals (.X =
19.1 , SE = 0.6) and had worked an average of 8.8 years (SE = 0.5) in their present
position.
Respondents collectively reported managing 3,116,300 hectares (X = 21,792,
SE = 5,552). There was no difference in the size of the areas managed by USFWS
versus state agency employees (1 141 = 0.90, P = 0.37). Respondents in Nevada managed
the largest area (sum= 735,166 ha) whereas those in Wyoming managed the small est
(sum = 21,044 ha; Table 2-1). A majority (73%) of managers reported that duck
production was at least somewhat important on their management areas; onl y
12%reported that duck production was not an important management objective. The
importance of duck production did not differ between federal or state management areas
(t 142 = 1.35, P = 0.18), but USFWS managers rep011ed duck production as being the
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most important aspect of their management program more so than state managers (24%
versus 8%, respectively). Duck production was most important to managers from North
Dakota ( x

= 1.5, SE = 0.2) and least important in Illinois ( x = 4.3, SE = 0.7; Table 2-

1).

Impacts on duck nesting

Managers ' responses largely agreed wi th the conclusions of oth er researchers
that nest predation can signifi cantl y impact duck prod uction (Sargeant et al. 1984,
Cowardin et al. 1985, Greenwood et al. 1995, Gilbert et al. 1996). Based on a 5-point
Likert scale ( I = great impact, 5 = no impact), managers believed predation impacted
rates of duck nest success ( x
0.1 ), duckling survival ( x

= 2.2, SE = 0.1 ), overall duck recruitment ( x = 2.4, SE =

= 2.7 , SE = 0. 1), and nesting hen survival (X = 3.0, SE =

0.1 ). impacts of predation on nest success were believed to be greatest among Nort h
Dakota managers and least among Co lorado managers (Table 2- 1). Managers with the
USFWS ( x

= 2.2, SE = 0.1) and state agencies ( x = 2.3, SE = 0.2) held similar

opinions about the impact of predation on duck nest success

(1 125

= 0.5 1, P = 0.61).

Although most managers (64%) reported not measuring rates of duck nest
success on an aruJUal basi s, most (73%) willingly provided an estimate of average nest
success during the past 5 years based on data, literature, or anecdotal observations.
Several individuals (27%) did not believe they were able to provide an accurate
estimate of nest success on their areas. Of those managers that did provide an estimate
of nest success, 21 % beli eved that current rates of nest success on their management
unit are below the 15% threshold required to sustain populations (Cowardin et al. 1985).
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Many managers (43%) reported rates of nest success that might be described as
borderline in terms of supporting sustainable duck recruitment (e.g., 16-30%; Klett et al.
1988). The remaining respondents reported nest success rates in categories of 31-50%
(24%), 51 -75% (II%), and ;::: 76% (!%). No difference existed in reported rates of nest
success between managers who actually measured rates of nest success versus those
who did not

ci

4

= 4.09, p = 0.39).

Species-specific effects
Managers reported mallards (Anas platy rhy nchos) as being the most common
nester on their management areas (Table 2-2). Managers also reported that nest
predation has the greatest impact on local mallard populations (I = great impact, 5 = no
impact;

x = 2.5 , SE = 0. 1) and the least impact on canvasback (Aythya valisineria)

populations ( x = 3.7, SE = 0.1; Table 2-2). Managers believed those species that
typically nest on upland sites (e.g., mallard, teal , gadwall [Anas strep era]) are impacted
by nest predation more than species that nest over water (e.g. , redhead [Aythya

americana] , canvasback, ring-necked ducks [Aythya co/loris] ; Bellrose 1980).
In genera l, managers believed that mammalian predators have the greatest
impact on duck nest success. Raccoons (Procyon lotor) , striped skunks (Mephitis

mephitis), and red foxes ( Vulpes vulpes) were viewed as being particularly harmful
(Tab le 2-3). Besides being effective nest predators, raccoons, striped skunks, and, to a
lesser extent, red foxes are widespread and common inhabitants on management units.
Sargeant et al. (1993) argued that human-induced habitat changes (e.g., urbanization)
and cultural influences (e .g, decreased human-inflicted mortality on some predator

40
species) have contributed to the reported increase in many medium-sized mammalian
predators. Although Sargeant et al. 's (1993) data were from the PPR, these same
habitat and cultural changes have occurred throughout the U.S. and probably have
influenced predator populations elsewhere in a similar manner (Greenwood and Sovada
1996, Sovada et al. 2001 ). Thus, changes in the population densities of these nest
predators may be a primary reason for the recent increase in rates of nest predation on
many waterfowl breeding areas.
Managers generall y beli eved that common ravens (Corvus corax), American
crows (Corvus brachyrhynchos), magpies (Pica sp.), and gulls (Larus sp.) are the most
significant avian predators of duck nests (Table 2-3). Because these avian species may
not be present in many breeding areas, some managers may consider them relatively
insigni fie ant nest predators (Jolmson et a!. 1989). However, these avian species can be
important nest predators within local areas. At least I 0 managers believed American
crows, common ravens, magpies, and gu lls each have a "great impact" on rates of duck
nest success on th eir managemen t units. Managers ' responses indicated that these
predators can be particularl y detrimental is some areas. For example, 56% of Utah
managers reported that nest predation by common ravens has a "great impact" on local
duck populations. In Montana, 67% of responding managers indicated that nest
predation by gu ll s has impacted local duck populations.

Predation management
Nearly all managers indicated that some fonn of predator management is needed
to increase rates of duck nest success (Table 2-4). Although most (71 %) agreed that
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lethal predator control is an acceptable method to increase rates of duck nest success,
some (3 1%) preferred nonl eth al teclmiques to lethal ones. Respond ents indicated strong
support for the use of trapping and recreational hunting, but not bounti es, as predation
management tools (Table 2-4). Despite these beliefs, managers doubted that reducing
predator numbers is the best method to solve the predator problem (Table 2-4).
Given their concerns about the impacts of nest predation and the appropriateness
of predator management, it is not surprising that a vast majority of managers (93%)
reported currently using :::: 1 techniques to reduce duck nest predation on their
management unit(s). However, the larger question remains as to whi ch specific
techniques are most popular, effecti ve, affordabl e, and subsequently of highest value to
managers.
Researchers have suggested that increased rates of nest predation reflect
increased habitat fragmentation or degradation (C lark and Nudds 199 1). Activities that
degrad e or limit th e availability of nesting habitat may concentrate nestin g hen s and
predators into areas of suitable cover, thus creating eco logical traps where rates of nest
predation are exceed ingl y hi gh (Greenwood eta!. 1995). Thus, management strategies
that address habitat quality by developing and maintaining areas of dense nesting cover
are effective and preferred by managers (Duebbert and Lokemoen 1976, Lokemoen
1984, Baldassarre and Bolen 1994). Habitat management strategies (e.g. , establishment
of dense nesting cover, partnerships with neighbors to provide wintering habitat) were
popular and rated by the managers I surveyed as effective, easy to implement, and
hi ghly valuable management strategies (Tables 2-5 and 2-6).
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Although habitat management strategies may be an effecti ve long-term sol ution
to nest predation, they m ay require several years to achieve desired results. Other
management techniques may provide more immediate benefits and , as a result,
managers find some of them to be an effectiv e management strategy (Messmer and
Rohwer 1996). Despite public concerns about animal welfare (Kirkpatrick and Turner
1985), managers com monl y implemented lethal predator control (i.e. , trapping,
shootin g, tox icants, public hunting/trapping) on their management units (Table 2-5).
Managers genera ll y rated these lethal techniques as relatively effective, but generall y
more difficult to implement than habitat management strategies (Table 2-6). In tern1s of
overall va lue, trapping and shooting were the hi ghest rated methods of lethal control.
Managers believed that toxicants are effective but difficult to implement, probably
because of legal restrictions. Public hunting or trapp ing on management units was
viewed as less effective than other lethal techniques (i.e. , professional trapping,
shooting, use of toxicants), but received a hi gher overall value rating because of its ease
of imp lementation.
In addition to supporti ng lethal predator control, managers commonl y reported
using nonl ethal techniques to reduce rates of nest predation (Table 2-5). Nonl ethal
techniques that separate predators fro m duck nests (e.g., elevated nesting structures,
nesting islands, predator exclosures, and barriers across nesting peninsulas) reportedly
are effective in some instances (Table 2-6). However, even given their reported
effectiveness, many respond ents believed these techniques are parti cu larly difficult to
implement. Moats and fences across nesting peninsulas were judged effective but,
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presumabl y because of their reli ance on suitable topograph y, not easily implemented
(Lokemoen and Messmer 1994). Predator ex closures, though relatively effective, can
be ex pensive to construct and require continual ma intenance (Lokemoen et al. 1982 ,
Greenwood et al. 1990, Gatti et al. 1992, LaGrange et al. 1995). Correspondingly,
managers viewed predator ex cl osures as relatively effective, but also difficult or
expensive to implement and maintai n. Nesting islands were viewed as both effective
and easil y impl emented and, as a result, received very high overall value ratings.
However, the potenti al value of nesting is lands is largely dependent on local
topography; some areas may have natural nesting islands that only require maintenance
(e.g., establishment or management o f nesting cover on islands) . In areas where natural
nesting islands are not present, their constructi on may require substantial excavati on,
thus making th em cost prohibiti ve. Managers rated elevated nesting structures as the
second-most valuabl e teclmique overa ll. Thi s evaluation must be considered in li ght of
the fac t that nesting structures typicall y are onl y used by mallards (Bishop and Barratt
1970, Doty et al. 1975), thereby renderi ng them in effecti ve on management units where
other speci es are of primary concern .
Despite the recent attention given to other nonlethal predator management
techniques such as supplemental fe eding, conditi oned taste aversion, and reproducti ve
inhibiti on (Greenwood and Sovada 1996), managers remain skepti cal about their
effectiveness and most have not impl emented them on their management units (Tabl e 25). Man agers' perceptions about these techniqu es refl ected the fact that many still are
in the experimental stage -supplemental feeding, conditioned taste aversion, and
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reproductive inhibition were viewed as both ineffective and difficult to implement
(Table 2-6). Subsequently, these techniques received a relatively low overall value
rating.
Management actions to encourage predator species that are relatively
unimportant nest predators, but compete with other species that are (e.g., coyotes [Canis

latrans] versus red foxes) , have been suggested as a viable strategy to reduce nest
predation (Greenwood and Sovada 1996). Some managers reported implementing thi s
strategy on their management areas (Table 2-5), and those that did judged this strategy
as moderately effective, practical, and valuable (Table 2-6).
Most managers reported using their own staff(62%) to control predators on their
mana gement areas, but many (54%) also reported cooperating with outside gro ups or
agencies (i .e., U.S. Department of Agriculture [USDA] Wildlife Services, private
contractors, public volunteers, sportsmen 's or women ' s clubs) to do so. Outside of
staff, managers' most popular group to cooperate with for predator control was USDA
Wildlife Services (30%), followed by public volunteers (23%), private contractors
( 19%), and sportsmen's or women's clubs (19%) . Managers seemed most encouraged
by the prospect of employing sportsmen ' s or women ' s clubs (17 %) and public
volunteers ( 15%) to help manage predation prob lems and indicated they would involve
them in future predator control efforts.
Managers reported that the availability of resources (e.g., money, manpower)
was the single most important factor that influences their decision of whether to
implement strategies in the future to lessen the impact of predation on duck nest success
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(x =

1.4, SE = 0.1; I = very important, 5 = least important). Other important factors

included : effecti veness of the technique (x = 1.5, SE = 0.1), cost of the technique (X=
I .7, SE = 0.1 ), internal poli cies relating to predator management ( x = I. 7, SE = 0.1 ),
legi slati ve laws about predator management ( x = 2.0, SE = 0.1), and personal
knowledge of how to implement techniques ( x

= 2.2, SE = 0.1 ). Of all factors,

managers beli eved that public perceptions were least important in formulating predator
con tro l strategies on their management units ( x = 2.3, SE = 0.1 ).

Information needs
Of the 9 information categories pertaining to the management of duck nest
predation that were listed in the questionnaire, managers believed the most important
categories were knowledge about duck nesting ecology and predator ecology (Table 26). Managers also believed that inforn1ati on about the technical aspects of predator
con trol (i.e ., technique cost, efficacy, imp lementation, and impacts on nontarget
animal s) are relativel y important to manage nest predation, as well as that concerning
lega l restri ctions (Tab le 2-7). Despite current trends to be more responsive to
stakeholder concerns (Chase et al. 2000), managers beli eved knowledge about public
perceptions and technique humaneness are least important to manage nest predation
successfull y. This tendency is consistent with other authors' arguments that natural
resources professionals often are unable to separate their personal values with thei r
professional judgment (Decker et al. 199 1). As a result, wildlife professionals may cite
their expertise and consider themselves immune to public pressures (Brunson 1992).
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Managers reported using a variety of information sources when making
deci sions about predator management. Managers believed the most important of these
sources is actual data collected on management units ( x = 1.3 , SE = 0.1; I = most
important, 5 = least important), followed by previous ex perience ( x = 1.5 , SE = 0.1 ),
discussions with peers (X = 1.5, SE = 0.1 ), scientific journals ( x = 1.8, SE = 0.1), and
governmen t reports (x

=

2. 3, SE = 0.1). Least important of these were the internet ( x

= 3.3, SE = 0.1 ), magazines ( x =4.1, SE

= 0.1 ), and newspapers ( x = 4.4, SE = 0.1 ).

Managers from the USFWS and state agencies had similar opinions about the
importance of each of these information sources.

Management implications

Waterfowl managers I surveyed believed the recent attention given to the issue
of predation on avian recruitment (see Wildlife Society Bulletin special ed ition, vo lume
29, number I) is justified, at least with regard to ducks. Most managers believed that
nest predators are impacting duck populations. Further, most managers support both
lethal and nonlethal predation management. Nearl y all managers who responded
reported implementing ?: I techniques to reduce predation on duck nests, but many
techniques were viewed as large ly ineffective. Given these observations, the
development of new and more effective strategies would seem a reasonable objective,
yet few managers indicated they would implement new management techniques in the
future. If managers' beliefs about the impact of nest predation on duck population are
correct, this has substantial implications for continuing duck management.
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M any factors may exp lain why managers are concerned about nest predation,
support ive of predator management, critical of current management techniques, but not
plannin g to develop and impl ement new strategies in the future . The most important
fac tor influencing managers' decision of whether to implement predator management
appears to be the lack of fin ancial and material resources. Political and soc ial
influences probably will continue to limi t the amount of resources avail able to wildlife
managers (Trauger et al. 1995). Thus, waterfowl managers mu st continuall y seek new
avenues to support and promote wi ldlife conservation. This need is not unique to
waterfowl managers, but is shared by all wildlife professional s.
The creati on and maintenance of conservation partnerships can be an effective
strategy to address resource deficiencies (Trauger et al. 1995). These partnerships
represent an agreement between 2: 2 parties to work toward a common goal. Although
many princ ipl es guide successful partnersh ips, mutual interest is vital (Metzger 1983),
and interest in waterfowl conservmion, by both consumptive and nonconsumptive users,
is abundan t (U.S. Department of the Interior et al. 1997). Many waterfow l managers
reported already cooperating with other groups to aid in predator management, but
nearly half did not. Identifying and involving th ose ind ividuals or organizations that are
interested in waterfowl conservation and abl e to contribute to and participate in
partnerships are paramount to successful duck management in the future.
Another pressing need identified by waterfowl managers concerns information
availabilit y. Managers indi cated that the information needed to successfully manage
nest predation is not available to them . For every inforn1ation category presented to
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them , managers responded that more information is needed to manage nest predation
successfu ll y. This belief is not held only by managers ; researchers have questioned
whether suffic ient information exists to manage nest predation (Clark and Nudds 1991 ).
Many things may have contributed to managers' perceptions that insufficient
information exists to manage nest predation. Perhaps the most important variable is that
waterfowl production occurs at a large scale. Because of this large scale, waterfowl
management occurs in areas containing a variety of predator species, duck species, and
habitat types. These variables create a myriad of possible interactions, most of which
are unknown and largely mi sunderstood. Temporal and spatial changes in predator
populations and habitat availability/quality also have and will continue to affect nest
success and waterfowl production. The result of these temporal and spatia l variations
and interactions is great uncertainty.
An adaptive resource management approach may help managers and researchers
cope with uncertainty in the natural resources management profession (Lancia et al.
1996). Adapti ve resource management is a process whereby ieaming about systems
and processes is viewed as an integral component of management (Holling 1978,
Walters 1986). Using adaptive resource management as a guide, managers and
researchers must collaborate to design management treatments that answer specific
questions whi le achieving the desi red influence on the system. Thus, a rigorous design
(i.e., controls, replications, randomization) is highly desirable, but ultimately may have
to be modified to ensure the application of management treatments is realistic given
management objectives.
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Although some wildlife managers believe they are already using adaptive
resource management, Lancia et al. ( 1996) pointed out that most are not. Managers '
reluctance to embrace adaptive resource management probably reflects the fact that it
can be difficult to develop and implement. The initial design of an adaptive
management strategy requires creativity and compromise to fulfill its
management/research objectives. The actual implementation of an adaptive
management plan requires an increased investment of personnel and resources ; just the
time and resources required for data collection may be more than some are willing to
accept (Lancia et al. 1996, Porter 1997). Despite their claim that data collected on their
management units were very important when making decisions, Jess than half of
responding managers reportedly monitor duck nest success on their areas . Managers
often are unwilling to commit the resources necessary for data collection, which can be
a costl y and time-consuming process (Lancia et al. 1996, Porter 1997).
An integral step of scientific research, and consequently of adaptive
management, is the publication of results (Ratti and Garton 1994). However, wildlife
supervisors and administrators often do not understand the value of publication as a step
of adaptive management. This, in conjunction with the time and effort required of
authors, has often led managers and biologists to forego the publication of their work.
By full y engaging in the process of adaptive management and considering publication
as an integral step in that process, managers can contribute to the knowledge base they
beli eve is needed to manage nest predation. To facilitate this process, administrators
must understand the role of publication within the larger scope of adaptive
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management. Until thi s occurs, the benefits of adaptive resource management wi ll not
be full y realized.
Fina ll y, even the best-conceived adaptive management plan must have publi c
support to be successful. Increasingly, decisions regarding wildlife man agement that
are mad e without public input are being challenged by stakehold er groups and
overturned by public referenda or liti gation (Lautenschlager and Bowyer 1985). To
count er thi s trend, wi ldlife man agers must predict, evaluate, and incorporate public
values into their decision-making process. Un fortunatel y, evaluating diverse public
attitudes and incorporating them into management has been diffi cult for wildl ife
professional s (Knuth eta!. 1992, Deckeret a!. 2001).
Given the difficulti es inh erent in evaluating and incorporating pub li c values into
management , it is not surprising that most managers who responded to my survey
placed littl e va lue on public attitudes, desires, and perceptions when considering or
prescribing management strategies. Thi s is unfortunate, especially considering that
Messmer et a!. ( 1999) found the pub lic is support ive of, not against, predator control to
enhance duck popu lations. Thus, by ignoring public va lues in their dec ision-making
process, waterfowl managers may not only risk having thei r deci sions challenged, but
they actuall y may be overlooking potential partners. In part, the tendency to ignore
stakeholder va lues will be self-correcting; current wildli fe students, in contrast to their
predecessors, now are well-trained in human dimensions upon graduation (Nielsen and
Knuth 2001). As these individuals enter the fi eld, the philosophical foundation of the
profession should shift from one of a "cult of expertise" to one more respectful of
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stakeho lder values (Brunson 1992). In addition , current managers should understand
the value and mechanism of such an approach, as well as recognize the consequences of
not doing so.
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Table 2-1. Response of land managers from 17 U.S. states regarding the importance of
duck production and impacts of predation on nest success on their management units,
200 1.
Importance of duck
production
State
California

19

Colorado

4

Impacts of predation

on duck nest success

Total ha

Xb

186,988

3.3

0.3

3. 1

0.3

3.5

0.3

SE

X

c

SE

27, 114

3.0

0.4

Iowa

61 ,024

3.3

0.6

2.3

0.4

Idaho

3 1,838

2.3

0.4

2.0

0.4

Jllinois

40,610

4.3

0.7

2.5

0.5

6

3 1,045

4.0

0.4

2.7

0.3

Minnesota

13

22 1,11 2

1.8

0.2

1.7

0.2

Montana

10

96,900

2.0

0.2

2.5

0.4

No rth Dakota

17

3 15,853

1. 5

0.2

1.4

0.1

80, 128

3.0

0.3

1. 5

0.3

Kansas

Nebraska

Nevada

6

735 , 166

2.8

0.6

2.2

0.5

Oregon

II

478,379

3.2

0.3

2.8

0.3

South Dakota

10

169,325

1.8

0.3

2.0

0.4

Utah

10

85,754

2. 1

0.3

1.6

0.3

Washington

9

468,869

3.8

0.4

2.5

0.5

Wisconsin

6

65 , 154

3.2

0.5

2.6

0.4

21 ,044

3.7

0.3

2.0

0.6

Wyomi ng

aTotal number of managers responding from each state
b I = most important, 3 = somewhat important, 5 = not important
" 1 = great impact, 3 = moderate impact, 5 = no impac t
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Tabl e 2-2. Waterfowl managers ' perceptions regarding
the impact of nest predation on local duck populations,
200 I (sorted by mean impact).
Impact on local duck
populations a
Duck Species

Not present b

X

SE

Mallard

2.5

0. 1

3%

Blue-w inged teal

2.7

0. 1

23%

Northern pintail

2. 7

0. 1

25%

Gadwa ll

2.8

0 .1

21 %

Northern shoveler

2.9

0 .1

26%

Cinnamon teal

2.9

0.1

43%

Ameri can wigeon

3.2

0.2

4 1%

Green-w inged teal

3.2

0. 1

32%

American black duck

3.2

0.6

90%

Redhead

3.4

0. 1

26%

Lesser scaup

3.4

0. 1

50%

Rin g-necked duck

3.5

0.2

50%

Canvasback

3.7

0.1

39%

I - great impact, 3 - moderate impact, 5 - no impact
b Percentage of managers who reported that the particular species was
not a typical nester on their management units
a
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Table 2-3. Perceptions of U.S. Fi sh and Wildlife Service
and state wi ldlife agency wildlife managers about the
impact of nest predators on local duck popu lati ons,
200 I (sotted by mean impact).
Impact on loca l duck
populations

11

Predator

x

SE

Raccoon

2.5

0.1

7%

Striped skunks

2.5

0.1

4%

Not present

Red fox

2.6

0.1

2 1%

Common raven

3.2

0.1

29%

Mink

3.2

0.1

8%

Magpies

3.5

0. 1

34%

Cuyutes

3.5

0.1

4%

Feral ca ts

3.6

0. 1

4%

Weasel s

3.6

0.1

2%
12%

Crows

3.6

0. 1

Owls

3.7

0.1

1%

Gulls

3.7

0.1

9%

Ground squirrels

3.9

0.1

9%

Hawks

3.9

0.1

0%

Northern harrier

4.0

0.1

1%

Snakes

4.0

0.1

3%
19%

Badgers

4.1

0.1

Feral dogs

4.2

0.1

9%

Turtles

4.6

0.1

15%

Liza rds

4.9

0.0

17%

b

I = great impact, 3 = moderate impact, 5 = no impac t
' Percentage of mana gers who reported that the particular species
was not present on their management units

a
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Tab le 2-4. Attitudes ofU.S. Fish and Wildlife Service and state
wildlife agency wildlife managers regarding various scenarios
and statement regardin g predator management, 200 1 (sorted by
increasing disagreement).
Statement

X

Trapping is an acceptable way to reduce predator
populations.

1.9

0.1

1t is o. k. to use lethal predator control to increase duck
nesting success

2.1

0.1

Recrea tional hunting is an acceptable way to reduce
predator populations.

2.2

0.1

Nonletha l methods of predator control are always
preferable to lethal methods.

3. 1

0.1

Reducing predator numbers is the best way to solve
problems associated with predators.

3.4

0.1

Bounties are an accep table way to redu ce predator
popu lations

3.5

0.1

It is wrong to limit or control the population of one
wildlife species to increase another.

3.9

0.1

Preda tors do not adverse ly impact prey populations.

4 .0

0.1

tl

SE

a I = stron gly agree, 2 =agree, 3 = neutral, 4 = disagree, 5 -strongl y disagree
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Tabl e 2-5. Management techniques used by U.S. Fish and Wildlife Service and state
agency waterfowl managers, 2001 (sorted by frequency of current use) .
Management tec lmique

N ever used

Establislunent of dense
nestin g cover

13%

Nesting island s

Currently used

Will be used

14%

172%

2%

17%

17%

64%

I%

Public hunting/trapping

24%

18%

58%

I%

Elevated nesting structures

19%

27%

54%

0%

45%

6%

45%

5%

T rapping

28%

35%

37%

1%

Shootin g

36%

27%

37%

0%

68%

4%

25%

3%

Reducti on of wintering
habitat for predators

69%

7%

22%

2%

Fences around blocks of
nesti ng habitat

73%

9%

18%

1%

77%

6%

16%

2%

Fences across nes ting
peninsulas

78%

10%

10%

2%

Toxicants

74%

20%

7%

0%

Suppl emental feeding

90%

4%

4%

1%

Fences around individual
nests

95%

2%

3%

0%

Conditioned taste aversion

96%

3%

1%

0%

Reproducti ve inhibition

99%

1%

0%

0%

Partnerships with neighbors
to prov ide nesting cover

Alt ernate predator

management

Moa ts across nes ting
peninsulas

Previously used
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Table 2-6. Waterfowl managers' beliefs about the effectiveness, their ability to
implement, and overall value of techniques to manage duck nest predation, 2001.
Effectiveness

Ability

N

x'

SE

N

xh

SE

Value

Dense nesting cover

137

2.1

0.1

144

2.3

0.1

2.20

Elevated nesting structures

129

2.2

0.1

139

2.8

0.1

2.48

Partnerships with adjoining
landowners

124

2.4

0.1

3.1

0.1

Nesting islands

136

2.3

0.1

141

3.2

0.1

140

2.74

2.76

Public hunting/trapping

126

3.3

0.1

134

2.5

0.1

2.92

Trapping

135

2.7

0.1

137

3.3

0.1

3.02

Shooting

132

3.1

0.1

137

3.3

0.1

3.18

Fences around blocks of

116

2.4

0.1

3.9

0.1

3.1

0.1

3.3

0.1

2.6

0.1

3.9

0.1

3.3

0.1

3.5

0.1

3.0

0.1

4.1

0.1

habitat
Alternate predator
management

Fences across nesting

93

114

peninsulas
Elimina tion of winter habitat

Moats across nesting

96
Ill

peninsulas

137

116

134

11 8
137

3.18

3.22

3.24

3.41
3.50

Toxicants

96

2.8

0.1

128

4.3

0.1

3.56

Fences around individual nests

96

3.3

0.1

137

4.4

0.1

3.82

Supplemental feeding

66

3.8

0.1

106

4.3

0.1

4.02

Conditioned taste aversion

48

3.9

0.1

101

4.5

0.1

4.22

Reproductive inhibition

62

4.2

0.1

109

4.7

0.1

4.47

1 =very effective, 3 =moderately effective, 5 = not effective
b I ~ very able, 3 ~ somewhat able, 5 ~ not able
'calculated as: (tec hnique efficacy+ ability to implement technique)/2
a

c
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Table 2-7. Beliefs ofU.S. waterfowl managers conceming the importance and
avail abilit y of information types related to the management of nest predation,
sorted by the mean difference between information need and availability, 2001.
Information
importance
Information category

X

Impact of technique on
nontarge t animals

Information
availability

x

SE

Xb

14

0.1

3. 1

0.1

1.7

Techni que effi cacy

1.5

0.1

2.7

0. 1

1.2

Predator ecology

1.3

0.1

24

0.1

1.1

1. 5

0.1

2.6

0. 1

1.1

Techn iqu e cost

1.7

0. 1

2.8

0.1

1.1

Pub lic perceptions

1.9

0. 1

2.8

0.1

0.9

Duck nest in g ecology

1.1

0.0

1.9

0. 1

0.8

1.5

0.1

2.2

0. 1

0.7

2.5

0.1

2.9

0.1

04

Tec hni que
implementa tion

Laws about predator

management
Techniq ue humaneness
3

rl

SE

I - ve ry important, 3 -somewhat important, 5 - not important
b I ~ complete knowl edge, 3 ~ moderate knowledge, 5 ~ no knowledge

' all significant at P < 0.001

differenc e

r
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CHAPTER3
EFFECT OF ELECTRIFIED PREDATOR EX CLOSURES ON
DUCK NEST SUCCESS AT THE BEAR RIVER
MIGRATORY BIRD REFUGE

Abstract

Predation on duck nests is the primary factor affecti ng nest success and
recruitment on many waterfowl breeding areas . Several studies have evaluated
electrified fences used to exclude nest predators and increase nest success in the Prairie
Pothole Region (PPR), but few have been conducted in other breeding areas. During
1999-2001 , l evaluated the effectiveness of 4 predator ex closures (13 - 16 ha) to
enhance duck nest success at Bear River Migratory Bird Refuge, Utah, in comparison
with 4 control sites. Over the 3-year evalu ation period, rates of nest success in the
exclosures were slightly higher than that within contro l plots, but were sti ll < 15%.
Because of malfunctions and environmental disturbances, the voltage of the fences was
often low and thus failed to exclude nest predators. Moreover, I documented that red
foxes (Vu/pes vulpes) can and will jump fences :50 114 em in height. Thus, many
current guidelines for electric fence construction recommend fences that will not
exclude red foxes. Additional research is needed to determine the minimum fence
height required to exclude red foxes and other predators. Predator ex closures may be a
useful teclmique, but only within the framework of an integrated predation control
program.
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Introduction

Despite the recent recovery of man y North American duck populations, many
wildlife researchers and managers remain concerned about low levels of recruitment
among dabbling ducks (Messmer and Rohwer 1996, Cowardin eta!. 1998, Nelson
2001). Recruitment influences the size of many avian populations, dabbling ducks in
particular (Cowardin eta!. 1985). Low nesting success is a primary factor for low
recruitment on many duck breeding areas (Cowardin eta!. 1985, Klett eta!. 1988,
Sargeant and Raveling I 992, Greenwood et a!. 1995). Although a number of factors
impact nesting success, predation by mammalian predators is frequentl y cited as being
the most important (Sargeant eta!. 1984; Cowardin eta!. 1985 , 1998; Klett eta!. 1988 ;
Greenwood et a!. 1995; Beauchamp et. a!. 1996; Gilbert eta!. 1996).
Many techniques have been developed to manage nest predation. Greenwood
and Sovada (1996) classified techniques into 3 categories. These are teclmiques that: 1)
physically separate or conceal prey from predator, 2) alter predator foraging beh av ior or
food supply, or 3) directly affect predator abundance. The construction and
maintenance of predator exclosures around blocks of nesting habitat have been
id entified as an affordable and effective technique that can be used to physically
separat e nesting ducks from potential predators (Lokemoen eta!. 1982, 1984;
Greenwood eta!. 1990; Gatti eta!. 1992 ; LaGrange eta!. 1995 ; Cowardin eta!. 1998;
Conover 2001; Jimenez eta!. 2001). Most studies evaluating the influence of predator
ex closures on duck nest success have been conducted in the Prairie Pothole Region
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(PPR). Limited information is available about the effectiveness of predator exclosures
in increasing nesting success on duck producing areas of the western United States.

Study area

This stud y was conducted on the Bear River Migratory Bird Refuge (BRMBR)
during the 1998-200 1 nesting seasons. The BRMBR is located on the northern end of
the Great Salt Lake (41 ° 27'N, 112° 3 'W) and encompasses much of the Bear River
Delta, an area long recogni zed as an important waterfowl breeding area. Because of the
Great Salt Lake ecosystem 's importance to migratory bird populations, the refuge was
establish ed in 1928 as a breeding, staging, and wintering area for waterfowl and other
migratory birds. The BR.t\I!BR is located on the floor of ancient Lake Bonneville
between the Well sville and Promontory Mountain ranges. Thus, topography is
characteristically flat. Average elevation is 128 1 m above sea level and peaks at 1285
m. Climate conditions of the area are characterized by moderate spring and fall
seasons, co ld winters, and hot, dry summers.
The Great Salt Lake ecosystem, and the BRMBR in particular, historically have
supported a large and diverse breeding popu lation of ducks. Twenty-seven species of
ducks have been recorded on the BRMBR and 9 species are known to nest there (U.S.
Fish and Wildlife Service 1991 ). The most common nesting ducks on the refuge
include cinnamon teal (Anas cyanoptera), gadwall (Anas strepera), and redhead (Aythya

americana) (Williams and Marshall1938 , BRMBR, unpubl. data). Historically, the
BRMBR and the rest of the Bear River Delta have sustained large numbers of nesting
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ducks . Well er et al. (195 8) docum ented 16.3 duck nests/ha in thi s area during 1950
and, even aft er overgrazing by domestic livestock degraded most of the nesting habitat,
found 6.7 nests/ha in 1955. These densities are hi gh even in comparison to those
documented in th e PPR (Duebbert and Lokemoen 1980).
In 1983, the Great Salt Lake flood waters inundated the BRMBR.
Subseq uent ly, the U.S. Fi sh and Wildlife Service abandoned the refuge between 19831987. ln 1989, new personnel were assigned to rebu ild and enhance the refu ge (U.S.
Fish and Wildlife Service 1991 ). Because the abundance and availability of quality
nesting habitat for dabbling ducks had been considered inad equate by previous
managers, a primary goal of th e BRMBR restoration and enhancement proj ect was the
acquis it ion of upland areas (U .S. Fish and Wildlife Service 1991). Subsequentl y, the
refuge acq ui red approximately I ,000 ha of land characterized by upl and habi tat and
designated it as the Grass lands Management Unit (GMU). The GMU is characterized
by grass lands and wet meadows wi th interspersed emergent wetlands.
Although historic data pertaining to nest success specifi call y on those lands now
designated as the GMU are lacking, past nesting studi es on the remaining portion of the
BRMBR are instructive. When compared to recent observations, historical nesting data
strongly suggest that nest predation on the BRMBR has increased from pre-flood rates.
Spencer ( 1953) found that onl y 41 % of cinnamon teal nests were depredated on the
BRMBR during 1949-19 5 1. Williams and Marshall (1938) found even hi gher rates of
nest success during the 1937 nesting season and reported that onl y 7% were destroyed
by predators. In 1970, Hilliard (1974) reported no instances of predation on 22 duck
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nests within an area adjacent to BRMBR. Following the reopening of the refuge in
1989, refuge personnel noted much lower rates of nest success throughout the BRMBR
(:': 15%; Y. Hirschboeck, pers. commun .) As on other nesting areas (Johnson et al.
1989), striped skunks (Mephitis mephitis), raccoons (Procyon lotor) , red foxes (Vulpes
vulpes), and common ravens (Corvus corax) are the primary nest predators at the
BRMBR, but other nest predators (e.g, feral cats [Felis catus] , mink [Mustela vison]) do
occur in lesser numbers (U.S. Fish and Wildlife Service, unpubl. data) .
To increase nest success, BRMBR adopted an adaptive management pl an that
incorporates predation management (U.S. Fish and Wildlife Service 1997). Cowardin
et al. (1998) suggested that a few sma ll areas with high rates of nest success, such as
those produced by predator exclosures, may increase local duck populations. Thus, in
an effort to increase local duck populations, BRMBR personnel initiated a project to
construct and maintain predator exclosures on the GMU . The objective of thi s proj ect
was to eva luate the effectiveness of the exclosures located in the GMU in increasing
duck production.

Methods

Study plots and construction of
predator exclosures
I delineated 8 plots (13- 16 ha) within the GMU exhibiting similar vegetation
types that were suitable sites for the construction of a predator ex closure. I grouped
adjacent plots into pairs, thus yielding 4 pairs of plots; all plot pairs were::: 50 m apart.
For each pair, I randomly selected one of the plots as a site for the construction of a
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predator ex closure. I designated the remaining plot as a control and marked its
boundaries w ith com er posts but no fence . As part of another study, half of each
ex c losure and con trol plot was grazed by domestic li vestock during the win ter of 1999
and 2000.
Fences were constructed by Howell New Zea land Fence Company (Malad,
Idaho). The predator exclosures incorporated both physical and electri cal components
to deter predators (Figure 3-1 ). The fe nces were constructed with a wire mesh
component consisting of a 5 x I 0 em v-mesh that extended I 07 em above the ground.
To prevent animals from cli mbing over the fence, an electrifi ed wire was installed 7 em
above the wire mesh; hence, the total height of the fence was 114 em. An electrifi ed
"tri p" wire was installed at the base of the fence, I 0 em away from the fence and I 0 em
off the ground, to prevent anim als from di ggin g underneath and gai nin g access to the
area (Rondeau and Piehl 1989). Electrifi ed wires were charged with a Gallagher®
fence energizer powered by a 12-volt battery and 30-watt solar panel. The energy
output of the energizer was 4 joules at approximately 8,000 volts.

Fence maintenance and predator removal

Following the completion o f each fence , a so il sterilant (Pramitol® 25E) was
applied to approxi mately a 46-cm strip on each side of the fence line. To control
vegetati on along the fence in subsequent years, the area was mowed and periodicall y
treated with a post-emergent herbicide (Roundup®) on an "as-needed" basis. Fences
were charged annually from approximately May I until the last known nest hatched
(typical ly mid July). During the nesting season, I checked each fence 's voltage at least
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twice per week. If! discovered voltage was below 3,000 volts, I visually inspected the
fence line to identify and correct the cause of the malfunction.
During 1999 and 2000, I used box traps and body-gripping (Conibear ®) traps
in side the exc losures to remove any potential nest predators. Also during the 1999 and
2000 nesting season, I visually inspected each fence 2-3 times per week to determine
wheth er predators had dug underneath the fence; I sealed any such burrows with soil or
a wire mesh patch. After low nest success persisted in 1999 and 2000, I altered the
trapp ing technique durin g the 200 I nesting season. Instead of closing hol es dug by
an imal s underneath the fence, I placed a Conibear® body-gripping trap (size 220) at the
open ing of each hol e found . Trapped animals were euthani zed following stand ards of
the American Veterinary Medical Assoc iation (Andrews 1993 ). Because I continuously
experim ented wi th trapping procedures, little consistency in trapping methods ex isted
througho ut the stud y. Thus, I did not atte mpt to use trapping effort (e.g. , animal s
caught/trap ni ght) as an index to predator populations.

Data collection

Nes t searches. To evaluate the effectiveness of the predator exclosures, I
conducted nest searches during the late spring and early summer of each year 1998200 I . In 1998, study plots were not yet delineated , so I used the data from that year as
baseline information . During 1999-200 I, searches were conducted w ithin each control
and treatment plot. I located nests inside plots b y dragging a 44-m chain between 2 all
terrain vehicles to flush nesting hens (Hi ggins et al. 1969, Klett et al. 1986). Spotters
watched for flu shing hens and visually marked nest locations .
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For each nest, I recorded its location (using a handheld geographic positioning
system unit), number of eggs, incubation stage, vegetative community around nest, and
surrounding vegetation height density (i.e. , visual obstruction readings) using a Robel
pole (Robel et al. 1970). Incubation stage of the eggs was determined using the
candling technique developed by Weller (1956) and expounded upon by Klett et al.
( 1986). Nests were marked with a flag marker 4 m nonh from the nest. Based on the
incubation stage of the eggs, I calculated an estimated hatch date for each nest.
I revisited all nests between 14-21 days from the date found and/or within 3 days
following the estimated hatch date to detennine whether the nest was successful,
destroyed, or abandoned. I considered a nest successful if evidence was found that 2: I
eggs hatched and made that detem1ination based on the presence of detached shell
membranes (Girard 1939). I further noted whether failed nests were destroyed by
predation or other factors (e.g., flooding, abandonment, li vestock). In instances of nest
predation , I identified the responsible nest predator using evidence at the nest site
(Sargeant et al. 1998). Because precise classifications are difficult (Hernandez et al.
1997), I only c lassified predation events as: I) skunks/raccoons, 2) avian, 3) eggs and
eggshell fragments missing (indicative of avian or red fox predation), or 4) other.
assigned each predation event to one of these classifications based on guidelines
presented by Sargeant et al. ( 1998).
I conducted 3 nest searches each year in mid May, early June, and late June.
Klett et al. (I 986) found little evidence that increasing the number of nest searches
increased the number of nests found , except when a nearly continuous method was
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employed (i.e., 12 sampling periods). To maximize the probability of locating nests but
minimize the incidence of nest abandonment by the hen, I initiated nest searches =:: 3
hours following sunri se and terminated the search at least 5 hours prior to sunset
(Gloutney et al. 1993).

Habitat conditions. To compare habitat conditions among exclosure and control
plots, I sampled each plot in 200 I to determine vegetation types. Before the start of the
nesting season, and then at the conclusion of each nest search ( 4 total sampling period s),
I samp led 40 locations wi thin each plot. To identify sampling locations, I identifi ed 8
points that were distributed throughout the plot and recorded the vegetation type at 5
points located a random di stance and direction away. Any random direction and
distance combination that yielded a sampling locat ion outside the plot or in water was
discarded. At each point, I recorded plant community type (i.e. , wet meadow, upland
grasses, forbs , emergent wetland , or bare ground) and vegetation height and density
(i .e., visual obstruction readings [VOR]) using a Robel pole (Robel et al. 1970).
I obtained aerial videography of the stud y site from the National Irrigation
Center at Utah State Uni versity (Neale and Crowther 1994). The imagery provides a
spatial resolution of I m in 3 bandwidths (green, red, infrared). The imagery was
co ll ected during May 2000 and was preprocessed and georeferenc ed by National
Irri gation Center personnel. I conducted a supervised classification of this imagery
using the maximum likelihood estimator to assign individual pixels to a class. I
classi fi ed pixels into I of3 land-cover classes: I) vegetation (i.e. potential nesting
cover), 2) open water, or 3) bare ground . Under this system, classification error rates
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shou ld be low because the 3 classes possess particularly unique spectral signatures
(Jensen 1996). Thus, I did not conduct an accuracy assessment of the resultant landcover map. Because the proximity of water has a strong influence on hen's selection of
a nesting site (Kaminski and Weller 1992), I measured the distance from 50 computergenerated random points in each plot to the nearest open water 2: 25 m 2

Data analysis

Nesl success and density. 1 considered all inferential tests with P < 0.1 as being
statistically significant. I estimated nest success for each of the treatment and control
plots using the Mayfield (J 961) method (Klett et al. 1986). Nests that were destroyed
during the search or otherwise abnormal (e.g. , abandoned by hen) were excluded from
all ana lyses (Klett et al. 1986). I considered the estimate of nest success for each plot as
the samp ling unit and used these estimates to test for differences between control and
exclosure plots. Based upon the data gathered during a long-term study to evaluate
predator exclosures (LaGrange et al. 1995), the probability of detecting a difference in
nest success between exc losure and control plots (i.e. , power) was 0.82 , assuming a !tailed test and an alpha level of 0.1 0. However, because sample sizes were relatively
small and the data were not normally di stributed, I pool ed yearly estimates of nest
success and tested for differences between exclosure and control plots using a MannWhitney test (Daniel 1990). For I analysis, I excluded plots in which I found no nests
during a particular year. For a second analysis, I assumed that all plots in which I found
no nests reflected very high predation rates and assigned a value of 0% nest success to
those plots. I computed nest density (nestsfha) for all plots by dividing the total number
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of nests found by the area within each plot. I compared these data among all ex closure
and control plots using a 2-way ANOV A model with treatment and year as fixed
effec ts. Because sample sizes were low, I pooled the data for all duck species.
Habitat conditions. I compared differences in vegetation types (i.e., wet
meadow, upland grasses, forbs , emergent wetland, and bare ground) between control
and exc losure plots. I also compared the average VOR of the random points within
exc losure versus control plots using at-test for independent samples. Finally, for each
plot I calculated the mean distance from each of SO random points to the nearest water.
I used a !-test for independent samples to determ ine whether sites on control and

exc losu re plots were equally near water.

Resu lts

Habitat comparisons
Predator ex closures contained similar vegetation types as control plots (Table 31). The average distance from SO random points within each plot to the nearest water

was similar for both ex closure ( x
13 .9) sites (16 = 0.774, P

= 90.4 m, SE = I 0.6) and control ( x = 76.7 m, SE =

= 0.47). Average VOR measurements also were similar in

control (X= 2.7S, SE = 0.12) and treatment

(:X= 2.61, SE = 0.09) plots (t 6 = 0.94, P =

0.38).

Fence construction and predator removal
Three of the predator ex closures were completed by June I, 1999 and were
active for the remainder of that year's nesting season. The fourth exclosure was
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completed in September 1999. Thus, all4 exc losures were active for the 2000 and 2001
nesting seasons. The cost for all exclosures totaled $55,068; $35,004 for materials and
$20,064 for labor. Given the total perimeter of the constructed fences, average cost per
linear meter was $8 .98.
I discovered multiple instances of the voltage of the fences' electrified wires
being :::; 3,000 volts during nesting seasons 1999-2000. In most instances, low voltage
was caused by vegetation or other materials contacting the electrified wires. During the
2000 and 200 1 nesting seasons, I expended approximately 46 man-hours preparing and
maintaining each ex closure. Thus, approximately 184 hours were required to set up and
maintain the fences annually. Assuming a wage of $8/hour, fence maintenance would
cost approximately $1,472 annually.
Study personnel removed mammalian predators from all 3 exclosures in 1999, 3
of 4 exclosures in 2000 (fai led to remove any predators from I plot), and all 4
ex closures in 2001 (Table 3-2). Overall , 75 predators were removed from treatment
plots during the 3 years of the study. More predators were removed from exc losures
during the 2001 nesting season, presumably because of the more effective trapping
methods used during that year. Overall, striped skunk s comprised a majority of the
an imal s removed from ex closures. Only I nontarget animal was trapped during the 3year period, a hen ring-necked pheasant (Phasianus colchicus ).

Predator observations. On 22 May 200 I at approximately I 000, I sighted an
adult red fox inside one of the predator exclosures engaging in what appeared to be
foraging behavior. When the fox detected my presence, it ran to the edge of the
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ex closure, leaped the fence, and exited the ex closure. I immediately inspected the fence
and found no evidence of digging underneath the ex closure. I later located an active fox
den within 200m of this ex closure. Given these observations, it is reasonable to
assume the fox gained access to the area by jumping the fence, probably during regular
foraging bouts. Personnel with BRMBR again sighted an adult fox inside this ex closure
during a spotlight survey at OJ 00 on 20 May 2001. As before, the animal exited the
exclosure by jumping the fence.

Nesting data

During the 1999-2001 nesting seasons, I located and monitored 50 nests. Most
ofthe nests found were cinnamon teal (74%), followed by gadwall (18%) and mallard
(Anas platyrhynchos) (8%) (Table 3-3). Average clutch size for all species was 9.8 ( n
=

26 nests), but I was not able to compare among species because oflow sample si zes.

Combining all speci es and years, average nest density inside the exclosure and control
plots was 0.24 nests/ha and 0.09 nests/ha, respectively (120

= 2.04, P = 0.06). Nest

density on ex closure plots was similar during all 3 years of the study (F2, 8 = 0.301 , P

=

0.75).
Because experimental plots had not yet been delineated, I did not use 1998's
data in comparisons of nest success. However, as a point of reference, average nest
success for 1998 was 6.8%. For the 1999-2001 nesting seasons, nest success generally
was low in both exc1osure and control plots. Nest success within exclosures averaged
only 19.3% in 1999, 5.5% in 2000, and 15 .9% in 2001. Over the 3-year study, average
rates of nest success were even lower within control plots (Table 3-4). With all years'
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data pool ed, average nest success in ex closures ( x = 13.7%, SE = 6.5, 11 = I 0) did not
differ from control plots (X = 10.4%, SE = 7.4, 11 = 6) (Mann-Whitney U 10, 6 = 22.0, P =
0.39). Assuming a 0% rate of nest success in plots where no nests were found , I
detected a small difference between ex closure ( x = 12.5%, SE = 6.0, n = 11) and
control ( x = 5. 7%, SE = 4.2, n = 11) plots (Mann- Whitney U 11 , 11 = 29.5, P = 0.04).
Despite negligible differences in nest success between exc losure and treatment plots,
because of sli ght ly higher nest density and nest success, ex closures produced more
ducklings ( x = 6.0, total = 66) over the 3 years of the study than did control plots ( x =
1.9, total = 21 ), but this was not stati st ically different (t 20 = 1.58, P = 0.130).
All instances of nest failure were attributed to predation. For all years, 52% (n =
25) of all predation events were attributed to skunks or raccoons and 6% (n = 3) were
attributed to avian predators. In 42% (n = 20) of the cases, all eggs had been removed
from th e nest with no eggshell fragments remaini ng, a condition consistent wi th
predation by foxes or some avian predators (Sargeant et al. 1998). Nest predation by
skunks or raccoon s occurred more often in control plots (64%) than in ex closure plots
(45%), but thi s relationship was not stati stically different

cl4= 1.47, p = 0.48).

Discussion

Similar vegetation type, YOR, and wetland availability within the plots suggest
that habitat conditions were comparable in control and treated sites. Because plots were
located in the same general area, regional wetland conditions were similar for each.
Thus, I assumed that an y differences in nest success, nest density, and predation types
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were a result of predator density and species composition within plots, not habitat
differences.
Over the 4 years of the study, average rates of nest success averaged ::; I 0% on
plots without predator management, much lower than recorded elsewhere by other
researchers (Sargeant et al. 1984; Coward in et al. 1985, 1998; Klett et al. 1988; Gatti et
al. 1992 ; Sargeant and Raveling 1992 ; Gilbert et al. 1996; Greenwood et al. 1995;
Beauchamp et. al. 1996). Unfortunately, the ex closures had a negligible influence on
rates of nest predation. Regardless, the total number of ducklings produced on
ex closure plots was significantly higher than that on control plots, largely because l did
not find any nests on some control plots each year. Because I did not find any nests on
some control plots, I was unable to compute estimates for nest success on those areas.
In instances where predation rates are very high, the likelihood of finding nests are low
(Miller and Johnson 1978, Duebbert and Lokemoen 1980). In reality, nests likely
occurred on these control sites but, given the high predation rates, I did not find them
before they were destroyed. For example, I did not find a nest in any year on the
Simper study site (Table 3-4), but breeding ducks commonly inhabited the wetlands
within that plot. I also located within that plot a large fox den that seemingly was active
during all years of the study; duck remains commonly were found at this den site. Thus,
because I was unable to compare estimates of nest success on some control plots, there
may have been a larger difference in nest success between exclosure and control plots.
High predation rates may have contributed to finding fewer nests on control plots, and
thus also may explain why nest density and duckling production was slightly higher on

80
exclosure than control plots. Assuming 0% nest success on those plots where no nests
were found. a difference existed between exclosure and control plots, but this difference
was small.
Given that predator exclosures have been recommended as an effective
management strategy (Lokemoen et a!. 1982, 1984; Greenwood et a!. 1990; Gatti et a!.
1992 ; LaGrange eta!. 1995; Cowardin et a!. 1998), it is important to address the
question of why the ex closures in this study were ineffective. First, I noted many
instances where electrified wires of the exclosures carried ::0 3,000 volts. My anecdotal
observations and those made by other researchers (Patterson 1977, Gatti et a!. 1992)
suggest that predators often test exclosures and attempt to gain entry. This, in
combination with frequent instances of low voltage, apparently resulted in predators
being abl e to dig under the fence and gain access to the areas. Others have reported
similar problems with fences of this design , but still recommended it (Lokemoen eta!.
1982, Greenwood et a!. 1990, LaGrange et a!. 1995). Alternative designs suggest a
wire-mesh barrier be buried ::: 30 em in the ground, but are expensive and may be costprohibitive (Rondeau and Piehl 1989, Gatti eta!. 1992, Pietz and K.rapu 1994, Cowardin
eta!. 1998).
Perhaps more importantly, although the height of the ex closures constructed on
BRMBR was consistent with those used and recommended by other researchers
(Forster 1975 , Patterson 1977, Lokemoen eta!. 1982, Greenwood eta!. 1990, Gatti et
a!. 1992, LaGrange eta!. 1995), the fences did not exclude red foxes . I documented that
foxes can and will jump fences ::0 114 em in height. During 2000 and 2001, I located
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and marked 24 total duck nests within the 4 exclosures. Of these nests, only 3 were
successful whi Je the remaining 21 were destroyed by predators. Among the depredated
nests, II (52%) were found with no eggshell remnants remaining at the nest, a condition
consistent with predation by foxes and some avian predators, corvids in particular
(Sargeant et al. 1998). Because previous researchers have specifically reported that
fences :::; 11 7 em in height are sufficient to exclude red foxes (Patterson 1977), my
initial response to these predation events was to attribute them to common ravens
(Corvus c01·ax). Authors of previous studies apparently had the same inclination.
LaGrange et al. (1995) evaluated ex closures of similar design as those 1 evaluated and
concluded that American crows (Corvus brachyrhynchos) were responsible for much of
the nest predation discovered within exclosures, but red foxes were documented in the
area. I suspect that in my study, predation events in which no eggshell fragments
remained in the nest often were the result of red fox predation, not avian predation.

Management implications

The fences constructed on BRMBR did not effectively exclude nest predators or
yield higher rates of nest success. My observations have serious implications for the
design of predator ex closures. Because little behavioral studies have been done, the
minimum fence height required to deter red foxes is open for speculation. Some
researchers have used or recommended

fences~

142 em (Rondeau and Piehl 1989,

Pietz and Krapu 1994, Coward in et al. 1998) that presumabl y would be more effective,
but no data exist to support that conclusion. More complete information about the
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ab ility of foxes to jump fences would be valuable to managers considerin g constructing
predator fence s in the future. Future research is needed to evaluate on the behavior of
foxes when encountering fences of different heights. At the least, managers should
recogni ze that fences '5: 114 em do not effectively exclude foxes. Thus, in areas where
red foxes represent the primary nest predator, traditional fence designs are not
appropriate. In addition, I frequently discovered that the trip wire on the ex closures was
malfunctioning and not electrified. As a result, striped skunks and raccoon s frequent ly
entered the ex c losures and accounted for man y of the documented predation events.
Fi nall y, any fenc e obvious ly does not exclude birds, and nest predation by avian
predators (common raven presumably) was more common than I and BRMBR
predicted at the beginning of this research.
Despite the results of thi s study, predator exclosures still may be an effecti ve
management technique to reduce nest predati on under some circumstances. Predation
by striped skunks and raccoons occurred less often on ex closure plots than on control
pl ots ( 45% versus 65%, respectivel y), but thi s relationship was not stati stical ly
significant, seemingly because of low sample sizes and statistical power. Gatti et a!.
(1992) reported that fences of simi lar desi gn were effective in repelling skunks and
raccoons, but not red foxes, thus resulting in diminished overall success. In areas where
raccoons, skunks, or other simi lar mammalian predators are the primary nest predators,
the construction of fences similar to those used in this study, with modifications to
prevent digging, still may be useful. ln areas where red foxes are present, predator
exclosures may be an effective technique if coupled with lethal control of foxes or other
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animals able to easily penetrate exclosures. However, before constructing predator
ex closures of any design, managers should understand that substantial investments of
time and resources are required to prepare and maintain the fences each nesting season.

In developing a predation management strategy for BRMBR, managers must
consider the diversity of the predator community on the refuge; of the I 8 species or
groups of related species described by Messmer et al. (1997) as potential duck nest
predators, I 5 have been sighted on BRMBR property or adjacent areas (BRMBR,
unpubl. data). In addition to great diversity, predators at BRMBR also occur in great
abundance (BRMBR, unpubl. data; N. Frey, pers. commun.). To further complicate
management efforts, the refuge is bordered by a growing urban area that provides
habitat for a variety of medium-sized mammalian predators like raccoons and striped
skunks (Sargeant et al. I 993). Given the combination of these factors , it is
unreasonable to expect a single technique to be successful. Instead, an integrated
approach that employs a variety of techniques, in an adaptive fashion , is needed (Lancia
et al. 1996, Conover 2001). Predator exclosures may be a part of that strategy,
particularly in areas of high nest density, but other techniques must be considered. For
a number of reasons, lethal predator control to increase nest success has received
renewed attention from wildlife managers and researchers. Many have questioned the
use of lethal control given contrary public attitudes (Kirkpatrick and Turner I 985), but
Messmer et al. (1999) discovered that such methods are accepted by the public if they
are targeted toward a specific problem involving low avian recruitment. Previous
studies have provided confounding evidence supporting the effectiveness oflethal
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control in increasing nest success (Greenwood and Sovada 1996). Efforts th at onl y treat
small areas (S argeant et a!. 1995) or target select speci es (Greenwood 1986) have been
ineffecti ve. However, program s that target a diversity of predator speci es, use a vari ety
of techniques, and are applied over large areas (e.g.,:;:: 40 km 2) have effectively
increased rates of duck nest success (Duebbert and Kantrud 1974, Duebbert and
Lokemoen 1980, Garrettson and Rohwer 200 1). Given that Lokemoen (1984) rated
lethal control as the cheapest method to increase duck production, in conjuncti on with
its potenti al effectiveness, it should be strongly considered when developing a predation
management program.
C learl y, duck nest predati on is an important managem ent issue for BRM BR and
other nesting areas in north ern Utah. Predati on rates as hi gh as those documented on
duck nests at BRMBR are alann ing, particul arl y in light of the sign ificance of the
region for cinn amon tea l producti on. Bellrose {1980) estimated that 50-60% of the
continent 's cinnamon teal nest in Utah, particularly in the northern porti on of the state.
If conditions at BRMBR are refl ecti ve o f those elsewhere in the regi on, nest predati on
may be dramati call y impacting cinn amon teal popul ati ons. ln support of thi s
hypothes is, data collected by the North Am erican Breeding Bird Survey (NAB BS)
suggest that cinnamon teal are declining in many areas, but particularl y in Utah (9.9%
dec line from 1966-2 000) (Sauer et a!. 2001). More attention must be given to thi s issue
if this species is to be maintained. Continued research is needed to evaluate the
influence of predation on other managem ent areas and more accurat ely determine
cinnamon teal populati on trends.
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Table 3-1. Habitat comparisons of 4 predator exclosure and 4 control (no ex closure)
plots located on the Bear River Migratory Bird Refuge, Utah, 2001. Percentages are
based on 640 random sampling locations in exclosure and treatment plots, respectively.
Vegetation type

Treatment

Bare ground

Grasses

Forbs

Wet
meadow

Wetland
emergent

Control

1.4%

62.0%

7.5%

2.2%

0.8%

Ex closure

1.3%

61.6%

6.4%

2.7%

0.3%
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Table 3-2. Number of potential nest predators removed by trapping from predator
ex closures on Bear River Migratory Bird Refuge, Utah, 1999-2001 .
Study site
Year

Davis

Simper

Stauffer

White

1999

nla

4 striped skunks

4 striped skunks
I raccoon

5 striped skunks

2000

0

6 striped skunks

5 striped skunks
2 raccoons

3 striped skunks

2001

2 striped skunks
I red fox
3 raccoons

I 0 striped skunks

I I striped skunks
3 red foxes
9 raccoons

6 striped skunks
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Table 3-3. Species composition of duck nests(%) found on the Bear River Migratory
Bird Refuge, Utah , 1999-2001.
Year
1999

2000

200 1

Pooled years

Cinnamon teal

67% (12)'

75% (12)

81%(13)

74% (37)

Gadwall

33% (6)

6% (1)

13% (2)

18% (9)

Mallard

0

19% (3)

6% (I)

8% (4)

Species

'%and(n)
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Table 3-4. Estimates of nest success within predator exclosure and control (no
exclosure) sites located on Bear River Migratory Bird Refuge, Utah, 1999-2001 . All
estimates of nest success were calculated using Mayfield's (1961) estimator.

1999

Site

Treatment

Stauffer

Exclosure

#nes ts

Control
Simper

Ex closure
Control

\Vhi te

Exc:losure
Control

Davis

Totals

Ex closure

a

# nests

Nest
success

0.2%

10

1. 8%

0%

2.3%

n/a

Exclosure

13

#nests

Nest
success

15.1%

23

5.7%

45.4%

15.6%

9

20.3%

14.3%

0.5%

0

# nests

Nest
success

0

5.7%
0

55.4%

0

46.6%

5 1.0%

0%

0

0.8%

0.4%

1.2%

0.75%

0.8%

0.8%

n/a'

Control

Control

Nest
success

0

Pooled
years

2001

2000

0.3%
0
19.3%
0%

14

5.5%

10

15.9%

37

13.8%

45.4%

6

5.7%

13

10.4%

Predator exc losures were not operational on the Davis tract until fall, 1999 .
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Electrically charged hi gh tensile wire

7cm

107 em

Figure 3-1. A schematic drawing (from the side-view) of the predator exclosures
constructed on Bear River Migratory Bird Refuge, Utah. Indicated wires were
electrified by a Gallagher® fence energizer powered by a 12-volt battery and 30-watt
solar panel; the potential energy output of the energizer was 4 joules at approximately
8,000 volts.
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CHAPTER4
THE EFFECTS OF WINTER LIVESTOCK GRAZING ON DUCK
PRODUCT ION AT BEAR RIVER M IGRATORY BIRD REFUGE

Abstract

Periodic manipulation of vegetation cover is an important component of wildlife
man agement. Although many techniques are availab le to manipulate vegetation,
grazing by domestic livestock has been particularl y controversial. Some researchers
have reported that livestock grazing removes residual vegetation and thus is detrimental
to nesting ducks. Others argue that grazing by domestic livestock is attractive because
of low cost, low risk, and fl ex ibility of application. Nevertheless, few studi es have been
conducted where duck production is the primary management goal or in areas outsid e
the Prairie Pothole R egion. I evaluated the impact of winter li vestock grazing on duck
nesting at Bear River Migratory Bird Refuge, Utah . During winter 1999, 6
experimental plots were grazed by cattle and 6 were left ungrazed; in winter 200 1, 8
plots were grazed and 8 were ungrazed. All grazing treatments were conducted during
15 November - 15 March and averaged a stocking rate of9.5 animal unit months/ha.
During th e following spring nesting season, I measured visual obstruction readings
(VOR) on both grazed and ungrazed sites. Although VOR on ungrazed sites were
significantl y hi gher than those on ungrazed sites earl y in the nesting season, this
difference weakened as the season progressed. Further, late-nesting ducks showed no
preference for nest sites on ungrazed versus grazed sites. Winter grazing as practiced in
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thi s study appears to detrimentall y impact the nesting habitat of early-nesting ducks
such as mallards (Anas platyrhynchos), but not that of late-nesting speci es such as
cinnamon teal (Anas cyanoptera) and gadwall (Anas strepera ). In designing livestock
grazing programs to manage nesting cover elsewhere, waterfowl managers should
consider their waterfowl production goals, the species composition of breeding duck
populations, type of grazing system, and climatic conditions.

Introduction

The manipulation of vegetati on to create favo rable habitat conditions is the basis
of wildli fe management (Leopold 1933, Komarek 1969). Most species of dabbling
ducks req ui re breeding areas comprised of wetland compl exes interspersed with upland
nesting cover (Batt et al. 1992, Baldassarre and Bo len 1994). When water cond iti ons
are adequate, dabbling ducks are somewhat elastic in their selection of nesting areas
(Johnso n and Grier 1988), but most show a preference for nest si tes concea led with
vegetative cover that is taller and denser than surrounding sites (Bue 1952, Hilli ard
1974, Gjersing 1975, Mundinger 1976, Kirsch et al. 1978, Thornton 1982, Klett et al.
1988, Kruse and Bowen 1996). Presumably, the reason nesting hens select wellconcealed nest si tes largel y involves predation ri sk (Kaminski and Weller 1992); dense
nesting cover (DNC) conceals duck nests from potential predators and thus increases
nest success (Duebbert 1969, Krapu et al. 1970, Schrank 1972, Duebbert and Lokemoen
1976, Kirsch et al. 1978). In general, vegetative structure (i. e., height, density) is
thought to be more important than plant species composition in hen nest site selction
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(Kaminski and Weller 1992, Baldassarre and Bolen 1994). For these reasons, the
estab li shment and maintenance of DNC have beco me a preferred management
tec hnique to enhance duck produ ction (Baldassarre and Bolen 1994).
Periodic disturbance of the vegetation provides some benefits to grass land
systems and may be necessary to maintain its value to wildlife. Periodic di sturbances
can increase forage producti on, increase photosynthetic rate, reduce plant water stress,
and accelerate nutrient cycling (see Hart and N01ton 1988 for a comprehensive revi ew).
Furt her, undisturbed grassland co mmunities may accumulate excessive litter, a
condition that may stimulate the growth of downy brome (Bromus teet arum) and other
invasive or undesirable species (Evans and Young 1970, Kaiser et al. 1979). Period ic
disturbance also appears to encourage maxi mum spec ies richness (Connell 1978, Hobbs
and Huennek e 1992). Thus, many authors have recommended that waterfow l managers
includ e peri od ic vegetation manipulation (e.g., burning, grazing, mechani ca l
disturbance) as an integral part of their grassland management program (Kirsch and
Kruse 1972 , Kirsch et al. 1978).
Despite the positive benefi ts assoc iated with periodic disturbance, conflicts may
occur on waterfowl breeding areas if the manipulation impacts seasonal duck
production. Many dabbling duck species rely heavily on residual vegetation to provide
nesting cover, particularl y those that nest earl y in the season (Kirsch 1969, Jarvis and
Han·is 197 1, Kirsch et al. 1978, Kam inski and Weller 1992). Thus, any manipulation
that reduces the amount of residual cover avail able for nesting has the potential to
negati vely impact seasonal duck production (Kirsch et al. 1978, Kadlec and Smith
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1992). Secondly, manipulation like haying, mowing, grazing, and burning that
coincides with the nesting season may kill hens, eggs, and ducklings (Payne and Bryant
1994).
Many teclmiques are available to manipul ate vegetative structure, species
composition, and diversity (Payne and Bryant 1994). Often when choosing among
these techniques, the manager must consider not on ly the ecological or biological
factors, but also econom ics, policy restrictions, and cultural influences. Aldo Leopold
(1933) identified the cow, plow, axe, and fire as the primary techniques avail ab le to
manipulate wildlife habitat. Of these techniques, grazing by domestic livestock is
perhaps the most controversial (Severson 1990, Kadlec and Smith 1992). However, the
use of livestock grazing to manipulate vegetation, if effective from an ecological
standpoint, may be a technique of particular value to managers. Compared to burning,
mowing, and herbicides, grazing offers some distinct benefits due to low liability, low
cost, generates income, in volves local community, and flexibility in intensity of
app li cation (Severson 1990, Payne and Bryant 1994).
Many researchers have reported that livestock grazing reduces the avai lability of
residual nesting cover and thus is detrimental to duck production (Kirsch 1969, Jarvis
and Harris 1971, Kirsch et al. 1978, Kadlec and Smith 1992, Gilbert et al. 1996). Other
researchers have argued that the implementation of managed livestock grazing systems
can increase duck production (Kirsch and Kruse 1972, Kaiser et al. 1979, Messmer
1985, Barker et al. 1990, Sedivec et al. 1990). In in stances where livestock grazing is
conducted on duck production areas, managed rotational grazing systems are superior to
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continuous or season-long grazing regimes (Gjersing 1975 , Mundinger 1976, Sedivec et
al. 1990, Lapointe et a!. 2000). However, on lands where duck production is the sole
objective, the value of livestock grazin g as a habitat management tool has been largely
ignored and still is in debate (Holechek et al. 1982, Kadlec and Smith 1992, Kirby et al.
I 992). Thi s inconsistency occurs, in part, because generali zations about the impact of
li vestock grazing on duck production are difficult to make since prior studies were
poorly designed (e .g., no controls, rep li cation, or randomization) or evaluated a vari ety
of grazing system (e.g., grazing timing, duration, and intensity) and duck species
(Holechek et al. 1982 , Kirby et al. 1992). Most previous investigations to evaluate the
impact of li vestock grazing on duck producti on have been conducted in the Prairi e
Pothole Region whereas very few have been done in the Intermountain West, a region
wi th unique clim ati c conditions and waterfowl breedin g population .

St udy area

This study was conducted on the Grasslands Management Unit (GMU) of the
Bear River Migratory Bird Refuge (BRMBR), Utah (41 o 27'N, 112° 3 'W). The GMU
is managed primarily for duck production and is comprised of upl and or wet meadow
habitats dominated by wheat grass (Agropyron sp. ), sedges (Car ex sp. ), and rushes

(Ju ncus sp.) interspersed with emergent wetlands. Because much of the GMU is subirri gated in the spring, seasonal vegetative growth is high on many sites (BRMBR,
unpubl. data). In an effort to manage for long-term grass land health and sustainability
(e.g., hi gh plant diversi ty, exclusi on of invasive plants), BRMBR personnel initiated a
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li vestock grazing program in 1995 (AI Trout, BRMBR, pers. commun.). In deciding
which grazing system to implement, BRMBR considered direct impacts on nesting
(e .g., nest trampling), the needs of livestock grazing cooperators, ri sk management
(prescribed burning is problematic because the proximity oflnterstate 15), and
recreational uses of the GMU (e.g., upland-bird and waterfowl hunting). In considering
these factors, BRMBR staff developed and implemented a short-duration, hi ghin tensity, winter cattle grazing program. The purpose of this study was to evalu ate thi s
program in rel ation to duck production on the GMU. I evaluated whether ducks
di sp layed a preference for grazed versus ungrazed sites when selecting a nest site.
also measured the nesting cover avail able in both grazed and ungrazed si tes and
eva luated it in li ght of the timin g of nest initi ati on for early versus late nesters.

Methods

Grazing treatments on study plots
I delineated 6 stud y plots on the GMU prior to the winter of 1999; as part of a
larger stud y, 3 of these plots were surrounded by a predator ex closure whereas the
rem aining 3 were not. Each plot was approx imately 12- I 5 ha in size and consisted of
simil ar vegetation types. The grazing treatments were conducted for 3 consecutive
years during the winters of 1998-2000. To eliminate the potential influence of previous
livestock grazing, all plots were subjected to a grazing treatment during the winter of
1998. During winter 1999, I split each of these plots into hal ves of approximately equal
size and conducted a grazing treatment on a randoml y selected half. I used a temporary,
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single-strand electric fence to separate the plots and facilitate the grazing treatments.
To offset any potential differences in habitat or other influences between the half-plots,
1 switched the treatments during winter 2000; the half-plots that were grazed during
1999 were rested in 2000 and vice versa. In 1999, an additional 2 plots were added to
th e study, one of which was surrounded by a predator exc losure. Again , to eliminate
the influence of prior grazing, both of these 2 plots were grazed during winter 1999.
Subsequently, I randomly selected half of each plot to be grazed during winter 2000.
Thus, during the 2000 nesting season, 1 collected data on 6 grazed half-plots and 6
ungrazed half-plots. During the 2001 nesting season, I collected data for 8 grazed halfplots and 8 ungrazed half-plots.
The grazing treatments consisted of stocking each half-plot with cows and
cow/calf pairs during each winter. Cattle were excluded from the control half-plots by a
temporary electric fence. Grazing treatments were carefull y monitored to ensure
established guidelines were followed . The grazing treatments were implemented
between 15 November and 15 March and lasted ::5 46 days. Cattle were removed from
the plots when, by visual estimation ofBRMBR personnel , 2: 80% of the residual
vegetation was removed. Because experimental plots had not been delineated during
wi nter 1998, I did not make calcu lated stocking density or rate for the initial preparatory
grazing treatments. The average stocki ng density for the half-plots was 8.6 animal units
(AU)/ha during 1999 and 15.5 AU/ha during winter 2000 (Table 4-1). Average
stocking rates were 8.7 animal unit months (AUM)/ha in 1999 and 10.3 AUM/ha in
2000 (Table 4-1 ).
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Data collection

Vegetation response. To measure the growth response of vegetation within
grazed and rested sites, I measured VOR in each half-plot using a Robel pole (Robel et
al. 1970). I measured the VOR for each sampling location in each of the 4 cardinal
directions to the nearest one half dm; the average of these 4 measurements represents
the VOR for that point (Robel et al. 1970). In each half-plot, I collected VORs at 20
random locations during each sampling period. To identify sampling locations, I
selected 4 points distributed evenly throughout each half-plot and collected VORs at 5
points located at a random distance and direction. Any random direction and distance
combination that yielded a sampling location outside the half-plot or in water was
discarded. During spring 2000, 1 collected VORs during 2 sampling periods: before
spring "green-up" and at the conclusion of the nesting season (in early May and late
June, respectively). Because of logistical constraints, I only collected these data for the
plots that were surrounded by predator exclosures. Thus, in 2000, I collected VORs on
3 grazing treatments and 3 controls over 2 sampling periods. In spring 2001 , I collected
VORs during 4 sampling periods; once prior to spring "green-up" and once following
each round of nest searching (late May, early June, and late June). I collected these
measurements on each half-plot, thus resulting in measurements for 8 grazing
treatments and 8 controls.

Nest searches. I conducted nest searches during 3 periods of mid May, early
June, and late June during the spring of 1999-2001. To maximize the chance of hens
being on their nests and minimize the likelihood of nest abandonment, searches were
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conducted daily between 0700 and 1300 mountain standard time (Gioutney et al. 1993).
I conducted systematic nest searches of suitable vegetation in all plots; large patches of
emergent wetlands were excluded from these searches. I defined a nest as ;::: I egg
tended by a hen when found (Klett et al. 1986).
Searches were conducted with a 3-person crew (2 drivers and I spotter) using 2
all-terrain-vehicles to pull a chain drag 44 m in length (Higgins eta!. 1969, Klett et al.
1986). Flushing hens were identi tied and their location marked by the spotter. Once a
nest was found , I marked it with a willow stick located 4 m to the north and recorded its
coordinates with a handheld global positioning system unit. I also noted the date,
number of eggs, incubation stage (Weller 1956), general type of vegetation surrounding
the nest (e.g., grass, forbs , wet meadow, etc.) , and whether the nest was located in a
half-plot that had been grazed or ungrazed during the previous winter. I measured the
VOR at each nest site using a Robel pole (Robel et al. 1970). Using th e estimate of
incubation stage and number of eggs found at the nest, I calculated the date of initiation
for each nest (Klett et al. 1986).

Breeding duck counts. 1 determined the abundance and composition of local
duck breeding populations by counting breeding pairs in the area SUITounding ex closure
and control plots. Three separate counts were performed within a 7-day period in mid
May. Counts began by 0700 and concluded by 1200. Ducks were counted from the
ground by a crew of 5 people, each walking a parallel transect, approximately 300m
apart, that ran north-south through the GMU (Dzubin I 969). Study personnel counted
breeding ducks on 7. I 5 km 2 within the GMU. I considered all counted pairs, lone
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males, and males flocked together in groups ::;: 5 as breeding ducks (Dzubin 1969).
used the highest of the 3 days ' counts for each species to estimate the number of
breeding pairs present on the GMU each year.

Data analysis

I considered all inferential tests with P < 0.1 as statistically significant. To test
for differences in VOR readings between grazed and ungrazed plots, and across
sampling periods, I used a one-way ANOV A wi th repeated measures; sampling period
and treatment (grazing versus rested) were the factors in the model. To predict the
average overall VOR at the time each nest was found, I pooled all VOR measurements
for each sampling period each year and calcu lated average vegetation growth between
samp ling periods. Using those averages and estimate of vegetative growth for
interpolation, I predicted the average VOR measurement on the day each nest was
found. For all ducks as well as for individual species, I computed the difference
between that day 's predicted average VOR and that measured at each nest. I used a
one-samp le !-test to determine if these differences were > 0.
To determine whether th e multiple-sampling period used in 2001 provided a
bett er estimate of average VOR than a 2-period sampling strategy (early and late
nesting season), I computed average VOR measurements for each nest in 2001 using 2
separate models. One model used estimates of vegetation growth between each of the 4
sampling periods, while the other used only the overall average from the first to the
fourth sampling period. I compared these estimates using simple correlation and a
paired t-test.
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Results

Grazing treatments and vegetative response
During the 2000 nesting season, VOR measurements were higher at the
conclusion of the nesting season (late June) than prior to spring "green-up" (late April)
(F 1, 4 = 11 .30, P = 0.03) and also hi gher on ungrazed versus grazed plots, but thi s

re lationsh ip was not significant (F1.4 = 3.32, P = 0.1 1) (Figure 4-1 ). There was no
period*grazing interaction for the 2000 nesting season (F1, 4 = 0.25, P = 0.65).
Considering each sampling period independentl y, average VOR was hi gher on ungrazed
sites during the early season (14 = 2.31, P = 0.08), but not during the late season (14 =
0.82, P = 0.46). During the 2001 nesting season, average VOR measurements increased
throughout the season, from late April to late June {F3 , 42 = 40.75 , P < 0.01) (Figure 41). Also d uring this period , VOR readings were hi gher on ungrazed versus grazed plots
(Fl. 14 = 13.36, P < 0.0 1), but no interaction occurred between period and grazing

treatment (F3 • 42 = I .3 1, P = 0.28). Considering each of the 4 samplin g periods in 200 I
independentl y, average VOR measurements were higher on ungrazed versus grazed
si tes for sampling period 1 (1 14 = 5.45, P < 0.01) and 2

(1 14 =

3.92, P < 0.01 ). For

sampling periods 3 and 4, however, average VOR measurements on grazed versus
ungrazed sites were similar (1 14 = 0.77, P = 0.46, 114 = 1.3 1, P = 0.2 1, respectively) .

Duck production

Breeding duck counts. Cinnamon teal (52%), mallard (21 %), and gadwall
(12%) together comprised a large majorit y (86%) of the area's total breeding population
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during 1998-2001 (Figure 4-2). In 200 1, the number of breeding ducks counted was
substanti all y lower than that in previous years. For 1998-200 1, the average density of
breeding ducks was 14.3/km 2. Excludin g the 2001 density estimate (6.7 krn\ average
density of breeding ducks for 1998-2000 was 16.9/krn 2

Nesting data. Over the 1999, 2000, and 200 1 nesting seasons, !located and
monitored 50 duck nests. Cinnamon teal nests (Anas cyanoptera) accounted for a
majority of the nests found (74.0%, n = 37), fo ll owed by gadwall (18.0%, n = 9) and
mall ard (8 .0%, n = 4) nests (Table 3-3). Mallard nests were more prevalent in 2000 and
2001 than in 1999, when no mallard nests were found. The average nest initiati on date
was different for the 3 nesting spec ies. Mallards nested earli est ( x = 7 May, SE = 9
days), followed by cinnamon teal ( x = 29 May, SE = 3 days) and gadwall ( x = 9 June,
SE = 6 days) (F2 , 4 7 = 4.43, P = 0.02).

Site preference. I fo und little evidence for hens ' preference fo r nest si tes in
either grazed or ungrazed half-plots (Tabl e 4-2). ln 2000, slightly more nests were
located in grazed plots and in 200 1 more were located in ungrazed plots, but neither of
these re lati onships were signifi cant (x21 = 0.60, P = 0.44, ·l 1 = 0.25 , P = 0.62,
respective ly). Thus, considering both years combined, the number of hen s nesting in
grazed half-plots (n
=

= 16) was simil ar to that nesting in ungrazed half-pl ots (n = 15) (x2 1

0.03 , P = 0.86). Cinnamon teal displayed no preference for nest sites in grazed versus

ungrazed half-plots (x21 = 0.36, P = 0.55). Seventy-five percent (n = 3) of mallards
nested in ungrazed half-plots but, because sample sizes were low, I did not stati stica ll y
test this relationship. Similarly, because I on ly found 2 gadwall nests in half-plots
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during 2000-200 1, I was unabl e to ascertain any preference for grazed or ungrazed sites
by this species (Table 4-2).
Considering all nests found during 1999-2 001 , cinnamon teal ( x = 3.4, SE =
0.21) nested at sites with the lowest VOR, followed by mallard (X = 4.4 , SE = 0.51)
and gadwall ( x 5.1 , SE = 0.52) (F2 , 47 = 6.27, P < 0.01 ). For all nests 2000-2001 , the
difference between VOR measurements at the nest and predicted average VOR
measurements at random points was > 0 (x diffe<encc = 0.6 7 dm , 131 = 3. 1, P < 0.01 ). This
difference existed for mall ard nests ( x diJTcrence = 1.73 dm,

/3

= 3. 1, P = 0.02), but not for

cinn amon teal ( X difference= 0.36 dm , /24 = 1.6, P = 0.12) or gadwall ( X difference= 1.83
dm, 12 = 2.57, P = 0.12). For 2001 nests, VOR values produced by model s based on the
2-period sampling procedure were strongly correlated with (r = 0.97 , P < 0.01 ), hut
slightl y lower than, the 4-period model (x difference = 0.1 dm, t 15 = 2.57, P = 0.02).
Because thi s difference was minor, I assumed the 2-period model for 2000 accurately
predi cted average VOR measurements at the time nests were found.

Discussion

Mallards, gadwall, and cinnamon teal prefer different habitat types (Bell rose
1980), but low sample sizes during this study hampered my ability to evaluate these
differences in rel ation to the winter livestock grazing program at BRMBR. Drought
conditions persisted throughout the northern Utah region during 2000 and 200 I
(BRMBR , unpubl. data). In 2000, January-June precipitation at BRMBR totaled 16.7
cm, just 56% of normal ; in 2001 , precipitation during this same period totaled only 14.6
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em, or 49% ofnonnal. Thus, many wetland basins were dry and spring duck counts
were low, particularly in 2001 (BRMBR, unpubl. data). Years with normal
precipitation and wetland conditions likely would result in more breeding ducks, more
nests, and an increased ability to make species-specific comparisons (Johnson and Grier
1988).
Plots on the GMU that were grazed by domestic livestock during the winter had
less residual cover as compared to control plots, particularly at the onset of the nesting
season. Grazing during the previous winter reduced the amount of available cover to
nesting ducks, but this influence diminished as the growing season progressed and was
insignificant late in the season. Regardless, the drought conditions may have hampered
the recovery of grazed vegetation. Vegetative response to winter livestock grazing
during normal and above-normal precipitation years should be monitored.
Nevertheless, this research is helpful in describing vegetative response in dry years, a
potential "worst-case scenario."
In general, researchers nearly unanimously conclude that managed grazing
systems (e.g., rest-rotation, short duration) are superior to year-long unmanaged
livestock grazing when duck production is a management objective (Gjersing 1975,
Mundinger 1976, Sedivec et al. 1990, Lapointe et al. 2000). Many researchers also
have concluded that any livestock grazing that reduces residual vegetation, even when
carefully managed, is somewhat detrimental to nesting ducks (Kirsch 1969, Mundinger
1976, Kirsch et al. 1978, Gilbert et al. 1996, Kruse and Bowen 1996). Yet, this
conclusion is largely based on studies in which mallards were the primary nester. The
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mallard is the most common and abundant nester on many duck production areas and is
an early-nester that requires relatively tall nesting cover (Bellrose 1980, Kruse and
Bowen 1996). Other duck species may nest later in the year or prefer less vegetative
cover (Bellrose 1980), thus diminishing the impact of grazing on residual vegetation as
nesting habitat. My observations concur with conclusions drawn by other researchers
that gadwa ll and mallard prefer nest sites with higher VOR measurements than that of
random sites (Bell rose 1980, Kruse and Bowen 1996). In contrast, cinnamon teal did
not select nest sites wi th higher VOR measurements.
Comparing duck VOR preferences with average conditions at the time of nest
initiation for each species is enlightening (Figure 4-3). Because mallards nested early
and preferred relatively tall and dense vegetation, maintaining areas with residual cover
earl y in the spring is important for thi s species. The average VOR (i.e., residual cover)
on plots that were to grazed in winter was substantiall y Jess than that on ungrazed plots.
A!though both grazed and ungrazed plots had lower average VOR measurements than
that recorded at mallard nest sites, ungrazed sites averaged > 2 dm , a threshold
recommended by Baldassarre and Bolen ( 1994) as the minimum required for earlynesting ducks. Thus, it is not surprising that I found no mallard nests until 2000, the
year the grazi ng experiments were initiated and undisturbed patches of residual
vegetation were available early in the spring.
Like mallards, gadwall also nested at sites with a higher YOR than that of
random sites on either grazed or ungrazed plots. However, by the time gadwall initiated
nesting late in the season, the difference in VOR measurements between grazed and
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ungrazed sites was insignificant and averaged > 2.5 dm for both. Because vegetation
~

2.5 dm tall represents preferred nesting habitat by gadwall (Kruse and Bowen 1996),

both grazed and ungrazed sites offered adequate nesting cover for this species. In
contrast to mallards and gadwall, cinnamon teal preferred nest sites with lower average
YOR measurements. Because cinnamon teal nested late and preferred nest sites with
lower YOR measurements, both grazed and ungrazed plots offered suitable nesting
cover by the time of peak nest initiation. The fact that cinnamon teal displayed no
preference for nest sites on grazed or ungrazed plots supports this observation.
To describe the structure of nesting cover, researchers normally have measured
VORs on study plots during only I or 2 periods (early and late spring) (Kirsch et al.
1978, Messmer 1985 , Sedivec 1989, Sedivec et al. 1990, Kruse and Bowen 1996).
Research that samples YORs multiple times may be useful, but probably are impractical
from a management viewpoint (Lapointe et al. 2000). To determine duck cover
preferences at the nest, researchers typicall y compare VOR measurements at nest sites
with the average YOR measurements at the closer of these 2 sampling periods. This
method , though attractive from a logistical standpoint, may lead to incorrect
conclusions because average VOR measurements at the time the nest is found could be
different from that of the sampling period. Thus, I predicted the average YOR of
random sites at the time each nest was found and used that estimate to evaluate nest site
preferences. My data suggest that a simple interpolation between the 2 sampling
periods (late April and late June) provided est imates of average VOR comparab le to
those generated by a more intensive 4-period sampling protocol.
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Management implications

On areas where duck product ion is the only management objective, some have
argued that livestock grazing offers few, if any, benefits (Kirsch et al. 1978). Howev er,
very few areas, even those operated by federal or state wildlife agencies, have such
simple and focused missions. Instead, most managers must consider a variety of
wi ldlife species, plant species, and habitat types when developing and implementing
management strategies. Because of the benefits offered by periodic disturbance in
grasslands (Hart and Norton 1988), most contemporary wildlife managers sti ll view
vegetation manipulation as a necessary component of management (Payne and Bryant
1994). From th e variety of techniques avai lab le to manipulate vegetation, livestock
grazing otTers det1nite logistical , legal, and econom ic advantages (Payne and Bryant
1994). Thus, it is reasonable to assume that li vestock management will continue to play
a rol e in the management of many duck production areas in the foreseeable future.
In an attempt to fulfill the multiple objectives of the GMU at BRMBR, li vestock
grazing will conti nue to be used as a management tool (AI Trout , BRMBR, pers.
commun.). The results of thi s study suggest that continuing the winter livestock grazing
program at BRMBR in its current form will not negatively impact cinnamon teal or
gadwall production, but may affect mallard production. The ultimate importance of this
finding must be decided by BRMBR management; mallards are not listed as a species
of particular concern by BRMBR as are cinnamon teal (U.S. Fish and Wildlife Service
1997). However, if mallard production is deemed an important management objective
in the future, some modifications to the winter grazing program may be made to
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enhance nesting habitat for mallards. Perhaps the most obvious and reasonable
modification is to place grazing paddocks on a rotational system. Implementing grazing
treatments on a yearly rotational basis (i.e., some tracts are left ungrazed every year)
should provide many of the benefits associate with grazing (e.g., remove decadent
vegetation, increase nutrient cycling, discourage invasive plant species), but also
maintain residual cover on part of the GMU for early-nesting mallards (Kirsch et a!.
1978). In conjunction with this strategy, grazing treatments may be designed to remove
less residual vegetation than those in this study. Doing so may provide more nest sites
with adequate cover than did the stocking rate evaluated during this study (Kadlec and
Smith 1992).
Some have argued that generalizations (e.g. , "grazing is bad for ducks") about
the impact oflivestock grazing on duck production are tenuous because of poor study
designs and differences in livestock grazing systems, regional climatic effects, and
habitat requirements of different duck species (Holechek eta!. 1982, Kadlec and Smith
1992, Kirby et a!. 1992). As such, the results of this study must be considered in light
of the grazing system evaluated, local habitat and climatic conditions, and nesting
population. Many duck production areas, such as those in the Prairie Pothole Region,
are located in more northerly climates than BRMBR and other breeding areas in the
Intermountain West. Thus, spring "green-up" may occur later on these areas and thus
prevent vegetation on winter-grazed sites from recovering in time to provide cover for
late-season nesters. Moreover, on duck production areas where early-nesters like
mallards comprise the majority of the population, any management practice that
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significantly reduces residual cover earl y in the year must be conducted with caution
(Kirsch et al. 1978, Payne and Bryant 1994). Having stated these disclaimers , a winter
livestock grazing program may be a useful management tool when the benefits of
vegetation manipulation are desired, the duck nesting population consists primarily of
late-nesters, and the onset of spring allows the recovery of vegetation in time for nest
initi ation.
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Table 4-1. Duration, stocking density, and stock ing rate of livestock
grazi ng treatments applied to experimental plots (6-8 ha) on the
Grasslands Management Unit of the Bear River Migratory Bird
Refuge, Utah.
Stocking density '

Stocking rate

Year

Site

Days

1999

Simper I

48

7.3

11.7

1999

Simper 2

31

6.9

7. 1

1999

White I

43

9. 1

13.0

1999

White 2

26

9.6

8.3

1999

Stauffer I

15

15.6

7.8

1999

Stauffer 2

39

3.3

4.3

All

33.7

8.6

8.7

2000

Davis I

20

14.7

9.8

2000

Davis 2

24

5.9

4.7

2000

Simper I

16

30.3

16. 1

2000

Simper 2

44

10.5

7.2

2000

White I

22

14.7

10.7

2000

White2

30

17.6

8.5

2000

Stauffer I

44

9. 1

13.3

2000

Stauffer 2

17

21.6

12.2

All

27.1

15 .5

10.3

1999 averages

2000 average

a Number of cows or cow/calves/ha
'Animal unit months (AUM)/ha

b

123
Table 4-2 . Number of duck nests found on experimental plots (6-8 ha) located on Bear
Ri ver Migratory Bird Refuge, Utah. ln 2000, 6 plots were grazed by domestic livestock
the previous w inter and 6 were rested. In 200 1, 8 plots were grazed by domestic
li vestock th e previous winter and 8 were rested.
Cinnamon teal

Gadwall

Year

Grazed

U ngrazed

Grazed

Ungrazed

2000

8

4

0

0

200 1

6

7

Total

14

II

Mallard
Grazed

U ngrazed

2
0
3

4.5 .
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Figure 4-l. Average visual obstruction readings (VOR) taken on experimental plots (6-8 ha) grazed by livestock during the
prior winter as compared to ungrazed plots on Bear Ri ver Migratory Bird Refuge, Utah, 2000-2001. Points represent the
average of20 random sampling locations where VOR were measured to the nearest Y2 dm usi ng a Robel pole (Robel 1970).
Averages in 2000 are based on 12 experimental plots (6 grazed, 6 ungrazed) measured durin g 2 samplin g periods; averages in
2001 are based on 16 experimental plots (8 grazed, 8 ungrazed) measured during 4 sampling periods.
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Figure 4-3. Average visual obstmction readings (VOR) taken on experimental plots (68 ha) grazed by livestock and rested during the prior winter, as compared to average
date of nest initiation and average VOR at the nest of3 species of dabbling ducks. Data
were collected during 1999-2001 at the Bear River Migratory Bird Refuge, Utah.
Vertical bars are situated on the x-axis to indicated average date of nest initiation for
each species, and on they-axis to indicate average VOR measurements at the nest for
each species.
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CHAPTERS
CONCLUSIONS

The waterfowl managers I surveyed confirmed what other researchers have
reported: predation on duck nests is a serious problem on breeding areas and constitutes
a significant cha llenge for waterfowl managers and researchers in the future (Messmer
and Rohwer 1996, Sovada et al. 2001 ). Most survey respondents reported that predators
negat ively impact duck nest success and subsequent recruitment on their management
units. These responses demonstrate that nest predation is not an issue only in the Prairie
Pothol e Region (PPR), where most duck nesting studi es have been conducted, but
instead represents a problem across the breeding range of dabbling ducks in the U.S.
Other analyses of duck nesting studies also have suggested that nest predati on is a
growing problem on many breeding areas (Beauchamp et al. 1996).
Habitat degradation has been cited as a primary reason for the hi gh rates of nest
predation observed in recent decades (Clark and Nudds 199 1, Baldassane and Bolen
1994). The working hypothesis is that as nesting habitat becomes increasingly
fragmented, hens concentrate their nests in remaining small patches and are subjected to
higher predation risk (Clark and Nudds 1991, Jimenez 1999). One strategy used to
address this problem is to make nests in these patches more difficult to find by
developing and maintaining dense nesting cover (DNC) (Baldassane and Bolen 1994).
Concomitantly, habitat management to create patches ofDNC was a popular strategy
among surveyed waterfowl managers. However, little evidence exists to demonstrate
that this strategy alone is effective at increasing overall nest success and subsequent
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recruitment (Clark and Nudds 1991). Jimenez (1999) reported that, at the landscape
level, DNC had no influence on rates of nest success and subsequently concluded that
management for DNC may be a waste of resources. In contrast, other studies have
demonstrated positive impacts ofDNC on duck production (see Baldassarre and Bolen
1994, Greenwood and Sovada 1996).
These contrary findings suggest that habitat degradation is an important factor
that influences nest success, but perhaps is not the only one to do so. The abundance
and distribution of nest predators in the U.S., particularly mid-sized mammals, have
changed dramatically in response to human-induced influences (Sargeant et al. 1993).
Two of the most detrimental nest predators, red foxes and raccoons, have increased in
abundance and expanded their range into previously unoccupied areas, including the
lntem1ountain West (Sargeant et al. 1993 , BRMBR, unpubl. data). In cases where nest
predators are abundant and diverse, direct predator control (i .e., trapping, exclusion)
may be necessary to substantially increase nest success (Sovada et al. 2001). In
particular, lethal control (i.e. , trapping, shooting, toxicants) and exclusion (fences,
nesting structures) have been suggested as effective techniques to increase nest success,
both by the respondents to my survey and by other researchers (Greenwood and Sovada
1996). In particular, the construction of predator exclosures has been noted as a costeffective way to increase rates of nest success (Lokemoen 1984).
Although previous studies generally have demonstrated the merits of using
ex closures to increase nest success, most of these studies were conducted in the PPR,
many were poorly designed, and they collectively tested a variety of fence designs. The
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fences I evaluated were similar in design to those described and recommended by some
other researchers, but they generally were not effective in increasing nest success at
Bear River Migratory Bird Refuge (BRMBR). Part of the reason that the predator
exclosures I evaluated were ineffective may relate to the predator community found at
BRMBR; the predator community on the study site was very diverse and abundant,
possibly in part because of an adjacent developing urban area (BRMBR, unpubl. data,
personal observations, Sargeant et al. 1993). Moreover, although similar designs were
used in many prior studies and recommended by authors, I documented that red foxes
can jump fences ::: 114 em in height. Thus, predator ex closures must be built to a height

> 114 em in areas where nest predation by red foxes is a concern. Little data ex ist to
establi sh the minimum height required to exclude red fox , but my observations suggest
th at fences must be substantiall y hi gher than 114 em. Additional research is needed to
identify which fence designs are practical and effective given a variety of potential
predator species. Further, prior studies have evaluated exciosures as a "stand alone"
technique to reduce nest predation; more realistically, future research may evaluate
ex closures as part of an integrated predator management strategy (Sovada et ai. 2001 ,
Conover 2001 ).
Although predator management may become increasingly important in duck
management in the future , the preservation and maintenance of quality habitat likely
will remain the basic paradigm of waterfowl management (Baldassarre and Bolen
1994). Managers of production areas must not only consider the immediate habitat
needs of nesting hens, but also ensure long-term health of the plant community (e.g. ,
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high plant diversity, exclusion of noxious or undesirable species, hi gh plant vigor). To
thi s end, many have suggested that periodic disturbance of the vegetation is helpful
(Kirsch et al. 1978, Kaiser et al. 1979, Hart and Norton 1988, Hobbs and Huenneke
1992). Of all the techniques available to manipulate vegetation, grazing by domestic
livestock is economically and logistically appealing to many managers, but may also be
the most controversial (Holecheck et al. 1982, Severson 1990, Kadlec and Smith 1992,
Fleischner 1994).
My evaluation of a winter grazing program provides some important insights
regarding the impacts of w inter livestock grazing on duck production, particularly for
management areas located in the lntem1ountain West. My findings further caution
against the use of broad generalizations about the impact oflivestock grazing on
waterfowl production (Holecheck et al. 1982, Kirby et al. 1992). Previous studies in the
PPR have shown that livestock grazing reduces residual vegetation and thu s can be
detrimental to duck production (Kirsch 1969, Jarvis and Harris 1971 , Kirsch et al. 1978,
Kadlec and Smith 1992, Gi lbert et al. 1996). However, these conclusions were reached
with the assumption that early-nesting mallards were of principal concern. My
observations confim1 these suggestions that the elimination ofresidual cover negativel y
impacts mall ards. In contrast, however, winter livestock grazing appeared to have no
impact on the availability of nesting cover to late-nesting ducks such as cinnamon teal
and gadwall. ln areas where both earl y and late-nesting duck species are of concern,
but where the benefits of vegetation manipulati on are desired, a seasona l rotational
grazing system may be implemented to ensure some residual cover remains undisturbed
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each nesting season (Kirsch et al. 1978). The amount of time between grazing
treatments should be scheduled in consideration of site productivity; sites with high
productivity li kel y will require more frequent disturbance (Kirsch et al. 1978). Most of
the sites within my study areas at BRMBR are subirrigated in the spring, thus resulting
in a productive system with rapid vegetation growth . As a result, frequent disturbances
(e.g., 2-3 year grazing rotation) may be necessary on these areas (Kirsch et al. 1978).
The results of my winter grazi ng study have greatest application for waterfowl
management areas within the Great Salt Lake ecosystem where regional influences (i.e. ,
climatic conditions, breeding duck population) are similar. In other areas, managers are
encouraged to eva luate the valu e of livestock grazing in li ght of climatic conditions,
grazing system employed, and the composition of the nesting population . Future
research should focus on functional relationships between grazing treatments, nesting
cover available, and time of nest initiation for different duck spec ies. Thi s approach
will all ow managers to evaluate the immediate eco logical costs and benefits of proposed
grazing programs in relation to waterfowl production. Further, though , the ultimate
long-term value of periodic disturbance on waterfowl breeding areas is still in debate.
Perhaps on ly long-term adaptive management experiments will provide the insights
needed to address this questi on (Lancia et al. 1996).
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Questionnaire mailed to waterfowl managers

(modifications were made to fo rma/ling to comply with dissertation requirements)
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INSTRUCTIONS
•

Whil e co mpleting this questionnaire, please limit your responses to upland-nesting ducks, except
where otherwise directed . Although we realize that predation also may impact cavity-nesting ducks
(e.g., wood ducks) or other upland-nest ing birds, the purnose of this survey is to eva luate the
management of predation on ground-nesting ducks.

•

We rea li ze that you ma y mana ge multiple areas; please consider all of your manage ment units whi le
completing the questionnaire.

•

There are 24 qu estions (most with multiple items) on 9 pages. We ask your consideration in
answering every questi on to the best of your ability.

•

Most of the ques tions provide a number of responses from which you may choose. For eac h question
or item within a question, please clearl y circle or check only one response.

•

For questions asking yo u to provide a written response, please print you r answer in the space
provided.

•

We reali ze that some of these questions may be difficult to answe r, but we ask that you provi de your
best es timate based on your eo:xperience, observations, percepti ons, and/or available data. If you have
no basis upon which to answe r a question, fe el free to circle or check the "Don ' t Know" (DK) opt ion.

•

After yo u ha ve completed the ques tionnaire, close the booklet so that our return address is shown on
the back page. Please staple or tape the outer comers of the booklet so that it cannot be opened and
place it in a U.S. Postal Service mail deposit (postage has been prepaid).

If you ha ve questions or commen ts about the questi onn aire, please feel free to conta ct me at the numbers
or email lis ted belo w. Again, I thank you for your time and your willingness to he lp.

Ben West
Office: (435) 797-8876
Fax: (435) 797-1871
E mail: bwcst@cc.usu.edu
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Tell Us About Yourself
How many ye ars have you been working in the wildlife profession?

What is yo ur current title or position?
How ma ny ye ars have your been working in your current position? _ _ _ _ __
Approxima tel y how much time (percentage) do you devote to the following activities in your
current p osition? (shoul d total 100% )
_ _ % Research

_ _ % Management

_ _ % Law Enforceme nt

_ _ % Administration

_ _ %Other (specify)

% Public Educa tion/Relations

O

5

Are yo u:

6

Which of the following describes your highest level of education?

or

male

Oremale?

0

Q

Some college

0

Some graduate work

Bachelor ' s degree

o·

Graduate degree

Management Priorities and Strategies

Approximately how much la nd do yo u manage?
acres
On the a r eas you man age, how important is duck produc tion to your overall mission ?
Most important

9

Do yo u annually monitor du ck nesting sut::cess on all or part of the areas yo u manage?
NoD

10

Not important

Som ewhat important

Yes Q

On your managemen t areas, how much do you believe predation impacts each of th e
following?
Grear

No

Moderate
impact

I impact

impact

Don't
know

Duck nesting success

I

2

3

4

5

DK

Duckling survival

I

3

4

5

DK

3

4

5

DK

3

4

5

DK

Hen survi val while on nest

I

2
2

Overall duck recruitment

I

2
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11

On average, what do yo u believe has been the average nesting success for ducks on th e areas
you manage during th e past 5 years? (check ONE onl y)

0- 15%

16-30%

12

31 -50%

D'

0

<Jl

"'
0..

<Jl

..l

:s0

"'c::
"'...:f-

:s

76- 100%

0

Don't know

0

0

On the areas you manage, how much has nest depredation impacted local populations of the
species below?

I
"'
u

5 1 -75%

0
Great

Moderate
impact

impact

No impact

Not present
here

Don't
know

American B lack Duck

I

2

3

4

5

NP

DK

America n Wigeon

I

2

3

4

5

NP

DK

Blue-winged Teal

I

2

3

4

5

NP

DK

Canvasback

I

2

3

4

5

NP

DK

Cinnamon Teal

I

2

3

4

5

NP

DK

Gadwall

I

2

3

4

5

NP

DK

Green-winged Teal

I

2

3

4

5

NP

DK

Lesser Scaup

I

2

3

4

5

NP

DK

Mallard

I

2

3

4

5

NP

DK

Northern Pintail

I

2

3

4

5

NP

DK

Northem Sho veler

I

2

3

4

5

NP

DK

Redhead

I

2

3

4

5

NP

DK

Ring-necked Duck

I

2

3

4

5

NP

DK

I

2

3

4

5

Ring-necked Pheasants

I

2

3

4

5

NP

DK

Greater Prairie-Chicken

I

2

3

4

5

NP

DK

Other duck species?

<Jl

c::

S harp-tai led Grouse

I

2

3

4

5

NP

DK

Ground-nesting passerines
Others of concern?

I

2

3

4

5

NP

DK

I

2

3

4

5

I

2

3

4

5

I

2

3

4

5

"'

:r
f-

0

Others of concern?

Others of concern?

-
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13

On your management areas, how much of an impact do you believe depredation by each of
the following species or species groups has on duck nest success?

I

Great

Moderate

No

Not Present

Don't

impgct

impact

impact

here

know

NP
NP

DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK
DK

Badger

I

2

3

4

5

Coyote

I

2

3

4

5

Domestic or feral ca ts

I

2

3

4

5

NP

Domestic or feral dogs

I

2

3

4

5

:;:

Ground squin·els

I

2

3

4

5

NP
NP

~

Mink

I

2

3

4

5

NP

Raccoon

I

2

3

4

5

Red fox

I

2

3

4

5

Striped skunk

I

2

3

4

5

Weasels

I

2

3

4

5

NP
NP
NP
NP

American crow

I

2

3

4

5

NP

Common raven

I

2

3

4

5

NP

C/)

Gu ll s

I

2

3

4

5

NP

52

Hawks

I

2

3

4

5

Magpies

I

2

3

4

5
5

NP
NP
NP
NP

C/)

....
<

:;:

;;:;

Northern hanier

I

2

3

4

Owls

I

2

3

4

5

Lizards

I

2

3

4

5

co:

Snakes

I

2

3

4

5

:t
1-

Turtles
Other (specify)

I

2

3

4

5

I

2

3

4

5

'"
0

14

NP
NP
NP

How important were each oft he following in answering Questions 10 -13?
Very

Actual data collected on units
lnfonnation from peers

Information from scientific journals
"Gut" reaction
Anecdotal observations

I important
2

Somewhat

Nor

important

important

4
4
4
4

Other (specify)

4

143

Tools and Techniques

15

A number of techniques have been developed to reduce or manage nest depredation of
gro und nesti ng ducks. For each technique listed belon', please indicate whether the
technique (1) has n ever been used on your management areas, (2) was previously used on your
management areas bm not anymore, (3) is currently being used on yo ur management areas, or
(4) is not currently being used 011 your management areas but probably will be in the future.

I
Establishment of Dense Nesting
Cover
Elimination of winter habitat for
predators
Partnerships with adjoi ning
landowners to provide nesting habitat

:c"

:i:

-

~

·~·~

.r:."
O..CQ

Never
used

Previously
used

Currently
used

Will be
used

Don 't
know

I

2

3

4

DK

I

2

3

4

DK

I

2

3

4

DK

Nesting islands
Fences around blocks of ne sting
hab itat
Fences around indi vidual nests

I

2

3

4

DK

I

2

3

4

DK

I

2

3

4

Fenc es across peninsul as

I

2

3

4

Moats ac.ross peninsulas
Elevated or floating nesting
structures

I

2

3

4

DK
DK
DK

I

2

3

4

DK

Trapping

I

2

3

4

DK
DK
DK

--o
" ...

Shooting

I

2

3

4

...Ju

Toxicants
Allow access to public hunters and/or
trappers

I

2

3

4

I

2

3

4

DK

Condi tioned taste aversion
Provision of alternative food sources
for predators
Reproductive inhibition (e.g.,
contraception)
Management for predators less prone
to nest depredation (e.g., coyotes)
Other techniques (specify)

I

2

3

4

DK

I

2

3

4

DK

I

2

3

4

DK

I

2

3

4

DK

I

2

3

4

.r:.-

-" 0
c

...
"
i5

.r:.
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Given your understanding of eac h technique, how effective do you believe each is to reduce
rates of depredation on duck nests. You s hould consider ONLY the effectiveness of the
technique, not cost or yo ur ability to implement it.

I

:c"
:t:"

-"

~

)...

"

-'0

"

~
.c-

- u"
....J
0

~

0

Not

iffective

Don't
know

Es tablis hment of Dense Nesting Cover

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

DK

Nesting islands

1

2

3

4

5

DK

Fences around blocks of nesting habitat

1

2

3

4

5

DK

Fences around indi vidual nests

1

2

3

4

5

DK

Fences across peninsulas

I

2

3

4

5

DK

Moats across peninsulas

I

2

3

4

5

DK

~

.:::
"-~

.c
"

Moderately
effective

Elimination of wi nter habitat for predators
Partnerships with adjoining landowners to
_Erovide ne stinghabitat

·~..... ·~

"

Very
effective

Eleva ted or floating nesting structures

I

2

3

4

5

DK

Trapping

I

2

3

4

5

DK

Shooting

I

2

3

4

5

DK

Toxicants
Allo w access to public hunters and/or
trappers

I

2

3

4

5

DK

I

2

3

4

5

DK

Conditioned taste aversion
Provision of alternative food sources for
predators
Reproductive inhibition (e.g., contraception)
Management to encourage predators less
prone to nest depredation (e.g., coyotes)

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

-

Other techniques (specify)

17

Given your und ersta nding about the cost and effort req uired to implemen t each technique,
how able wo uld you be to implement each given your current level of resources? Your
assessments sho uld consider only the cost and difficulty of implementation for each
technique, not the potential success or failure of each.

I able
Very
~

:c
:t:"

Establislunent of Dense Nesting Cover
Elimination of winter habitat for predators

I
I

2
2

Somewhat
able
3
3

Partnerships wi th adjoining landowners to
provide nes ting habitat

I

2

3

4
4
4

5

Don 't
know
DK
DK

5

DK

Not
able
5
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I able
Ve~y

QUESTION 1 7 CONTINUED ...

"' -~...
·~
.., ...
.<: "'
"""'
--o
"' ...
.c- c
" 0
...Ju

...
"
0
.<:

Nor
able

Don 't
know

4
4
4
4
4
4

5
5
5
5
5
5

DK
DK
DK
DK
DK
OK
OK

Somewhat
able

Nesting islands
Fences around blocks of nesting habitat
Fences around individual nests
Fences across peninsulas
Moats across peninsulas
Elevated or floating nesting structures

1
I
I
I
I
I

2
2
2
2
2
2

3
3
3
3
3
3

Trapping

I

2

3

4

5

Shooting

I

2

3

4

5

OK

Toxicants

I

2

3

4

5

DK

Allow access to public hunters and/or trappers

I

2

3

4

5

Conditioned taste aversion
Provision of alternati ve food sources for
predators
Reproductive inhibition (e.g., contraception)
Management to enco urage predators less prone
to nest depredation (e.g., coyotes)

I

2

3

4

5

OK
DK

I

2

3

4

5

OK

I

2

3

4

5

OK

I

2

3

4

5

DK

I

2

3

4

5

Other techniques (specify)
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How imporlant will each of the following be in the decision of whether to implement

techniques to reduce depredation on duck nests within yo ur management areas in the future?

I important
Ve~y
Cost of the technique
Confidence that the technique will increase
nest success
Public perceptions or desires
Internal policy restrictions or incentives
(e.g., agency policies)
External policy restrictions or incentives
(e.g., legislative requirements)
Availability of resources (e.g., personnel,
equipment)
T echnical knowledge of the technique
Importance of duck nes ting to overall
mission of my unit

Somewhat
important

Nor
important

Don't
know

I

2

3

4

5

OK

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

OK

I

2

3

4

5

OK

I

2

3

4

5

OK

I

2

3

4

5

DK
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What is your level of agreement or disagreement with each of the following statements?

It is o.k. to usc lethal predator contralto increase
duck nesting success
Nonlethal methods of predator control are always
preferable to lethal methods
It is wrong to limit or control the population of one
wildlife species to enhance or increase another

I

Strongly
Agree

Agree

Disagree

Neutral

4
4

4

Predators do not adversely impact prey populations
Reducing predator numbers is the best way to solve
problems associated with predators
Trapping is an acceptable way to reduce predator

4
4

populations
Recreational hunting is an acceptable way to reduce
predator populations
Bounties are an acceptable way to reduce predator
populations

20

Strongly
Disagree

4

What best describes the role of the following groups/organizations in actual "on-the-ground"
predator management (e.g, trapping, construction of fences) on your management unit?

I

involved previous/)'
and probably will
cominue to be

USDA Wildlife Services
Private contractors
Staff at yo ur management unit
Public volunteers
Sportsmen's & women's clubs
Others?

Involved previously
bw probably will
nor continue 10 be

Not involved
previously. but
probably will be in
the future

2
2
2
2
2

Not invoh•ed
previously and
probably will not
be in the future

4
4
4
4

4

Informational Needs
21

How important are the following sources to you when making management decisions about
duck management on your management r-"::.ni:.:.ts::.;?~-----::;---;---:----:;-;---,--;:;--:-;:--,
Ve1y
Somewhat
Not
Don't
important
important
important
know
lnfonnation/discussions with peers
4
DK

I

Scientific jmrrnals

4

DK

Popular magazines

2

4

DK

Newspapers

2

4

DK

Internet websites

4

DK

Government reports

4

DK

Previous experience

4

DK

Data collected on my management unit(s)

4

DK

147

22

How important do you believe knowledge about each of the following topic areas is to
effectively manage duck nest depredation?

I

23

Somewhat
important

Very
important

Not
important

Don't
know

Knowledge about duck nesting ecology

I

2

3

4

5

DK

Knowledge about predator ecology
Knowledge about the efficacy of control
teclmiques
Knowledge about the humaneness of control
techniques
Knowledge about the cost of control techniques
Practical knowledge regarding how to
implement techniques
Knowledge about the impact of control
techniques on non-target species
Knowledge about public perceptions of
predator management
Knowledge about laws pertaining to predator
management

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

DK

I

2

3

4

5

OK

I

2

3

4

5

DK

I

2

3

4

5

OK

I

2

3

4

5

DK

I

2

3

4

5

OK

How much knon·ledge about each of the following topic areas do you believe is currently
available !.Q YQ!!?
Complete

Moderate
knowledf!.e

I know/edJZe

No
knowledRe

Don't
know

Knowledge about duck nesting ecology

I

2

3

4

5

OK

Knowledge about predator ecology
Knowledge about the efficacy of control
techniques
Knowledge about the humaneness of
contra] techniques
Knowledge about the cost of control
techmques
Practical knowledge regarding how to
implement techniques
Knowledge about the impact of control
techniques on non-target species
Knowledge about public perceptions of
predator management
Knowledge about laws pertaining to
I oredator rnanaQement

I

2

3

4

5

DK

I

2

3

4

5

OK

I

2

3

4

5

OK

I

2

3

4

5

DK

I

2

3

4

5

OK

I

2

3

4

5

DK

I

2

3

4

5

OK

I

2

3

4

5

OK
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Use the space below if you have any additional comments or observations.

Thank you for completing this questionnaire!

PLEASE STAPLE OR TAPE THE CORNERS OF YOUR
COMPLETED QUESTIONNAIRE AND PLACE IT IN THE MAIL

About the Jack H. Berryman Institute
The Jack H. Berryman Institute is part of the College of Natural Resources at Utah State University. The
Institute has the mission of trying to improve human-wildlife relationships by resolving human-wildlife
conflicts. The lnstitute fulfills its mission through research, extension, and education. For more
information about the Institute and access to our publications, please visit our website.
www.berrymaninstitute.org
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